




CRYPTOGAMIC BOTANY 


Volume 1 


The mality of the materials used in 
^^^Smufacture of this bonk is gov^ 
continued postwar shortages. 




Babcock and Clausen — Genetioa 

BeUing — The Use of the Microscope 

Boy sen Jensen — Growth Hormones 
in Plants 

Braun^Blanquet and Fuller and Con- 
ard — Plant Sociology 

Curtis — ^The Translocation of Solutes 
in Plants 

Barnes — Morphology of Vascular 
Plants 

Barnes and MacDanids — Plant 

Anatomy 

Fitzpatrick — ^The Lower Fungi 

Odumann and Dodge — Comparative 
Morphology of f^ngi 

Haupt — ^An Introduction to Botany 

ffaupt — Laboratory Manual of Ele- 
mentary Botany 

HUl — Economic Botany 

HiUf OverhoUs, and Popp— Botany 

Johansen — Plant Microtechnique 

Loomis and ShuU — Methods in Plants 
Physiology 

Loomis and ShuU — Experiments in 
Plant Physiology 


Lutman — Microbiology 

Maximov — Plant Physiology 

Miller — Plant Physiology 

Pool — Flowers and Flowering Plants 

Sass — Elements of Botanical Micro- 
technique 

Seifriz — Protoplasm 

Sharp — Introduction to Cytology 

Sharp — Fundamentals of Cytology 

StnnoU — Botany 

StnnoU and Dunn — Genetics 

Smith — Cryptogamic Botany 

Vol. I, Algae and Fungi 
VoL II, Bryophyles and 
Ptendophytca 

Smith — Fresh-water Algae of the 
U. S. 

Swingle — Systematic Botany 

Weaver — Root Development of Field 
Crops 

Weaver and Bruner — Boot Develop- 
ment of Vegetable Crops 

Weaver and Clements — Plant Ecology 
Wodehouse — Pollen Grains 


There are also the related series of McGraw-Hill Publications in the Zoologi- 
eal Sciences, of which A. Franklin Shull is Consulting Editor, and in the 
Agricultural Sciences, of which Leon J. Cole is Consulting Editor. 



CRYPTOGAMIC BOTANY 


Volume I 


BY 

GILBERT M. SMITH 

Stanford Vniveraiiy 


First E0TrMM 
Sixaii Imprji^UUI 


ATMA RAM & SONS 

BOOKSELLERS, PUBLISHERS & STATIONERS 
KASHMERE GATE 




PREFACE 


This book is designed for students who have had an introductory 
course in botany and who wish to make a more detailed study of plants 
below the level of seed plants. It is written from the standpoint that a 
thorough knowledge of a representative series in each of the major groups 
is better than scraps of information about a large number. This has 
been done with full knowledge of the danger of presenting the subject 
through a series of ‘Hypes'* and with a full realization that students are 
apt to substitute the type for the group and to consider all Equisetinae 
identi(*al Avith Equisetum, all Marchantiales identical with Marchantia, 
and all Ulotricliaceae identical with Uhthrix. However, it is hoped that 
the introductory discu>bion to classes, orders, and families will help call 
attention to tlioho Characters of the selected representatives which are of 
(ILstinctivf* importance and those Avhich are special to the representative 
itself. In certain cases, as with the diatoms and the slime molds, it has 
been thought more advantageous to present the group as a whole instead 
of discussing selected representatives. 

An attempt has been made to make the space devoted to each group 
proportional to its complexity and diversity, and to check the natural 
tendency to overemphasize groups in Avhich an author is especially 
intcrchted. I realize that some botanists will disagree with the allocation 
of spac(', especially in the relative proportions devoted to the algae and 
to the fungi. Therqjias also been the problem of selecting the represen- 
tatives for each of the groiqis. Wherever possible the genera selected 
are found in the United States and are of widespread distribution. In 
some cases this has meant the selection of a highly specialized rather 
than a generalized type of representative, but it is felt that the availa- 
bility of material for study in the laboiatory offsets this disadvantage. 

Any general discussion of a group involves inclusion of subjects that 
are a matter of controversy. An attempt has been made to present both 
sides of controvers^ial subjects, but I have not hesitated to express an 
opinion upon the relative merits of the arguments. Organizatic^ of a 
natural system of classification necessitates a consideration of phylogeny, 
a subject upon which no two botanists are in entire accord. Phyletic 
diagrams arc included this book because it is thought that a graphic 
presentation is the best method by which the student may visualize the 
suggested interrelationships. However, they are presented with a full 
realization that every botanist will disagree in minor or in major points. 

V 
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PREFACE 


The bibliography included in the book is looked upon as indicating 
the sources where a student may find a fuller discussion of the various 
subjects rather than as a documentation justifying the various stater 
ments. Adequate reference to the entire literature would have involved 
an expansion inappropriate to a book of this kind. Wlierevcr possible, 
the references selected are to journals with a wide circulation in this 
country. 

A large proportion of the figures have been especially dra^vn for this 
book. Figures designated as semidiagrammatic arc those in which it has 
been impossible to draw all details of a preparation cell for cell. Figures 
designated as diagrammatic are more or loss convontionaliaed drawings* 
based upon one or more preparations. Theoretical drawings not based 
upon any particular preparation or preparations are designated as 
diagrams. Illustrations taken from other authors are designated as 
from when copied in facsimile, and as after when redrawn for tliis book. 
A large majority of the original drawings have been made by the author. 
Most of the habit sketches of red and brown algae were drawn by Mrs. 
Carl F. Janish and Mrs. Fred Addicott; the habit sketches of fungi were 
drawn by Mrs. Janish. 

The completene.ss of the .series of c'riginal illustrations is due to the 
courtesy of other botani.sts in furnishing material and prcj)arations. 
Profes.sor,s E. M. Gilbert and J. I. W. McMurphy have furnished prepa- 
rations of many fungi; and Dr. D. A. Johansen ha.s allowed mo to select 
many special preparations of algae and fungi from his extensive collec- 
tion. Professor D. H. Campbell has supplied prci)arations of Cham; 
Profes.sor A. W. Haupt, ]>reparations of Zonaria; Profeasor G. J. Hollt'ii- 
berg, preparations of Polysiphotiia; Dr. H. C. Gilbert, preparations of 
Ceratiomyxa; Profassor G. W. Keitt, preparation.s of Venturia; Profeasor 
J. G. Dickson, preparations of Puednia and IJst^ago; and Dr. B. 0. 
Dodge, preparation.s of Kunkelia. 

Many of the figures are ba-sed upon preparations made especially 
by Dr. Johansen, whose technical skill in .sectioning and .staining refrac- 
tory tissues has made possible illustrative material that would otlierwLse 
have been unavailable. 

I am al.so under deep obligation to Profeasor W. R. Taylor for a t ritical 
reading of the chajrtcr on the rod algae; and to Mias Ruth Daniels for her 
assistance and painstaking care in preparing for publication the final 
draft of the manuscript. 


March, 1938 . 
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CHAPTER I 

THE CLASSIFICATION OF SPORE-PRODUCING PLANTS 

The elasHifieation of plants has undergone many ehanges since Aristotle 
(384 -322 B.c.) and his ])upil Theophrastus (372-287 b.c.) first grouped 
them into tms, and h(rl)s. Beginning wth the herbalists of the 

sixteenth centuiy, th( re eami' a gradual realization that the most obvious 
characters an* not iu‘cessarily the mo'-( important. Their gradual recog- 
nition that the structure of the flo\Ner is of more fundamental importance 
in classification than are vegetative characters paved the way for the 
^‘sexual system^’ of liinnaeus in which he grouped plants according to the 
number of stamens and carpc'ls, their union, and tla'ir presence or absence 
in th(‘ tlow<'r. This system, although wholly artificial, had the great 
advantage tliat an unknown plant, when discovered, could be easily 
interpolated among those aln'ady known. Linnaeus divided the plant 
kingdom into 23 classrs, one of which, the Cryptogamia, included all 
plants with “concealed'’ re})roductivc ovgans. He^ characterizes the 
class as follows; ^^CRYPTOGAMIA coutinet Vegetabilia, quorum Friuii- 
ficationcs orulifi nosiris sv Hubtmhunt, S: structura ah aliis diversa gavderdP 
He divided the Cryptogamia into the following fo\ir orders: Filiccs which 
included all known pteriJopliytes; Musn which included all knowm mosses 
and leafy liverworts; Algae which included algae, lichens, and thallose 
liverworts; and tin' Fungi, 

Natural systems of classification, that is, those in which plants were 
grouped according to what were thought to be their natural affinities, 
wore established long before Darwin proposed the evolutionary theory. 
The first natural system, that of de Jitssieu,* divided plants into three 
major groups, Acotyljjjhnes, Monocotyledont'Sy and Dicotyledones, His 
Acotyh'doiies are the approximate ecpiivaleiit of Linnaeus' Cryptogamia, 
and the various orilers he recognizcii among the Acotyledones are equally 

^ Linnaeut^, 1754. * Do Jussieu, A. L., 17S9. 

I 
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heterogeneous. Many other natural systems for the classification of 
plants were proposed during the first half of the nineteenth century, but 
all of thein^ are very inadequate as far as the spore-producing (crypto- 
gamic) plants are concerned. The inadequate treatment of eryptogamic 
plants was due in large part to an almost complete lack of knowledge 
concerning their development and life cycles. In 1861 this condition 
changed overnight with the ijublication of Hofmeister's epoch-making 
studies on the life histories of a wide variety of bryophytes and pterido- 
phytes.* He was the first to show that the life cycle in bryophytes, 
pteridophytes, and conifers involves an alternation of generations and 
that there arc certain fundamental similarities and differences in general 
structure of reproductive organs produced during the life cycle in each of 
the three. About the same time phycologists and mycologists W'ere 
beginning studies on the reproduction and the life histories of algae and 
fungi that l>rought out their di^tincthe features. 

The decade following Darwin’'^ announcement of tlie theory of evolu- 
tion in 1859 is marked by the appearance of true natural sy^tenn^^ in which 
the fundamental ba^is for the cla‘^Nification of plants is phylogeny and in 
which they aie ranged in an ascending series from the mo'^t ])rinjilive to 
the most advanced. Tlie system proposed by Eichlcr ^ in 1886 w as w idely 
adopted and is still folkwed in more or less modified form in many 
present-day textbooks. As originally proposed by JCichler, this system 
divided the plant kingdom as follow.s: 

A. Cryptooamab 

Divi^jion I. Thallophyta 
Clfl'ss 1. Algae 
Cla*ss 2. Fungi 
Division If. J3r>o|ibvta 
Divisfoii III. Pterulophyta 

B. PifANnuoo \M \B 

Division I (UMimi'^peiinae 
Divihion H. Angiospei mae 
Class I Moiioco^\lc.’ie 
Class 2, DKOt\b‘ae 

Validity of the Thallophyta. Flant‘> placo<l in the Thallophyta may 
be distinguished from other plants on the basis of structure of their 
gamete- and spore-containing organs. Sex organs of Thallophyta are 
one-celled, or, when multicellular (as in certain brown algae), they do not 
have the gametes surrotuided hy a layer of steril^ells. Brybphytoa and 
pteridophytes have multicellular sex organs in which there is an outer 

• See Lindley, 1847, for a sttminary of the v.arioua systems. 

* Hofmeister, 1851, 1862. > Eichler, 1886. 
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layer of sterile cells. Sporangia of Thallophyta are always oiie-celled; 
those of higher plants are always many-collcd. Another distinction 
between Thallophyta and other plants is the fact that zygotes of Thal- 
lophyta never develop into multicellular embryos while still within the 
female sex organs. 

Granting the distinctiveness of the assemblage of plants called the 
Thallophyta there tlien arisc's the question : Is this a natural division of 
the plant kingdom and one that may, in turn, be divided into Alga^ and 
Fungi! To accept the Thallophyta as a natural division of the plant 
kingdom implies acceptance of the \io\v that both the algae and the fungi 
are each a more or h'ss homogoiu'ous phylogenetic series. The question of 
phylogenetic interrelationships between the algae rests, in turn, ui)on 
determination of an adequate basis for classif\nng them. The test of 
time has shown the inadequacy of classification of thallophytes based 
either ujmn the v(‘getative structure or the nietliods of reproduction. 

It has bi'come mcrc^asingl}^ clear during the i)nst quarter century that 
the morpliulogy and tlie physiology of the in(li\idual (ell> are the funda- 
mental bases vq)ol^\^hi<*h the algae must be classified. This evidence 
sliows that there ar(‘ s(‘V(‘ral seri(\s among the algae, ca(*h of which has 
cells ^ith certain distinctive pl^ysiological and moi phological traits. 
Ohief among the morj)hological (‘haractcristicN is the structure of the 
motile cell, and for most of the series among the algae there is a striking 
constancy in its organization, especially ^\ith respect to the number, 
arrangement, and relative length of the flagella. On the physiological 
side there is, throughout I'ach a const aney in the ])igments present 

in the plastids an<l a constancy in the chemical nature of the food reserves 
accumulating through photos 3 uithe(ic actiAity. For example, the green 
algae (Chlorophyta) almost always lane flagella of equal length, a pre- 
dominance of green pigments in tlndr pla-^tids, and usually store photo- 
synthetic reserves as slarcli. On th«' other hand, tlie \vllow-green algae 
(Xaiithophycea(‘) always have flagella of unc(iual length, have a pre- 
dominance' of (‘arotinoids in their ]djistids, do not form starch, and usually 
stor(' pljotosyntheti<* resiTves as oils. Tlu^ cou'^tancy with w’hieh the 
morphological and physiological chaiacderislics obtain in each serie-s and 
the marked difTen'iicc's between the various ^ori( s (Chlorophyta, Cyano- 
phyta, Phaeophyta, etc.) suggi'st very strongly that the various major 
groui>s of algae have but little in common with one another. ^ 

Acceptance of the view that the various series of algae are more or 
less independent of one another mean:^ that both the Thallophyta and 
its subdivision Algae m^t be abandoned as natural units in classifying 
plants. This necf'ssitates giving all or certain of the classes among the 
Algae a eorrcs])ondingIy greater rank. Abandonment of the Algae as a 
6ui>division of the plant kingdom doe.s not mean that the word alga must 
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be abandoned, * It is still of great service as a descriptive term for 
designating simple plants with an autotrophic mode of nutrition. 

The taxonomic disposition of the Fungi, the other subdivision of the 
Thallophyta, depends upon the question of their origin. This is highly 
controversial and opinion is divided as to whether they arose from the 
protozoa or whether they had either a monophyletic or polyphyletic 
origin among the algae. If they arose from protozoa, they should be put 
in orife or more divisions coordinate in rank with the various algal divi- 
sions; if they arose from the algae, they should be placed as classes of one 
or more of the algal divisions. 

Flagellates and Algae. Although it is quite easy to think of tlie algae 
or protophyta as a heterogeneous assemblage of simi)lo plants, it is much 
more difficult to state precisely just what organisms belong to this 
assemblage. The older distinctions Ix'tween the plant and animal 
kingdoms (based upon motility, nutrition, and the presence ot a cell wall) 
break down completely when applied to unicellular organisms, and it is 
quite impossible to establish criteri**) tliat will differentiate in a clear-cut 
manner between protophyta and protozf^a. 

The first breakdown of the distinction l)ctwet'n Flagdkitn and Algae 
was the demonstration that the Volvocahss belong to the green algae 
(Chlorophyta) and are the starting i)oint for the evolution of tlunn 
Later there w’^as a dLscoveiy that the chryMjmonads, lh(‘ dinoflagellates, 
and certain other pigmented flagellates wx*ro each reflated to organisms of a 
truly algal tyi>e. This demonstration of a phylogenetic connect i(»n 
between most of the unicellular jngmented flagellates and e\ident algae 
might be used as an argument for placing all pigmented ])rotista among 
the algae or protophyta. At first glance such an argument appi'ars to be 
quite logical, but it immediately leads to other difficulties, since it 
involves an inclusion of phylogenetic seiies in which e\olutio1i has lieen 
more toward an animal-like than a i)lant-like organization. It i^, there- 
fore, more convenient to take a aomew hut arbitrary stand and to include 
among the algae only those pigmented flagellates in wdiich there has been 
an evident evolution of plant-like forms. 

Validity of the Pteridophyta. For a long time the pteridophytes w^ere 
thought to be sharply delimited from gymnosperins and angiosiierms 
because of their lack of seeds, Paleobotanical research during the past 
40 years has tended to break down this distinction by bringing to light a 
number of extinct plants that were distinctly pteridophytic in vegetative 
organization but were seed bearing. 

For a long time, also, the pteriilophytes were thought to be a more or 
less homogeneous series, as is evidenced by the c^fting of them the ** ferns 
and fern allies.” Comparative morphological studies and study of the 
vascular organization of the mature sporophyte have shown that the 
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lycopods, the horsetails, and the true ferns constitute three independent 
series. Palcobotanical research has shown that the three evolved 
simultaneously from an ancient extinct group of pteridophytes known as 
the psilophytes. Neither the ly copod series nor the horsetail series 
evolved to a point where there were true seed-bearing plants. The true 
fern scries lies along the evolutionary line leading to the seed plants. . The 
geological record of the seed plants is as ancient as that of the true ferns, 

» and it has been thought^ that seed plants originated along the line leading 
to the true ferns rather than directly among them. 

Because of this heterogeneity among the pteridophytes and because 
spermatophytes seem to have been evolved only along the filicinean line, 
there has been a recent tendency to abandon the Pieridophyta and the 
Six'rmatophyta as divisions of the plant kingdom. All of those proposing 
such a change divide the vascular plants into four groups: the Psilophyta 
(Psilopsida) which include the psilophytes; theLycopsida which include 
the lycopodian series; the Sphenopsida which include the horsetails; and 
the Pteropsida which iiiclud(‘ the ferns, gyinnosperms, and angiosperms. 
There is not an equal unanimity of opinion concerning the rank the four 
groups should be {iC(*orded. According to one proposal^ they should be 
considereil four divisions rejdacing the old Pteridophyta and Spermato- 
phyta; according to anotluu’* tluy should be considered classes of a single 
division (Tracheophyta) replacing the Pteridophyta and Spermato- 
phyta. 

The placing of ferns and seed plants in a single scries called the 
Pteropsida has the advantage of showing that the phylogenetic connec- 
tions of seed plants are with the ferns rather than with other pteridophytes. 
How(‘ver, it obscures the fact that gymiu)‘^perms and angiosperms are 
distinct from ferns and that they arc^iiot immediately derived from them. 
It also obscures the fact that evolution of the ferns attained about the 
same' level as that found in the lycopodian and the cqui.staceous series. 
In view of the foregoing the retention of the Pteridophyta as a natural 
division of the plant kingdom seems justified. Retention of the Pterido- 
phyta as a distinct division is decidedly advantageous in accentuating the 
fact that the three promimmt series among them (lycopods, horsetails, 
and true ferns) are evolutionary side lines that do not lead to the pre- 
dominant element in present-day land vegetatjon — the seed plants. 

Classification of Spore-producing Plants. According to tlje Inter- 
national Rules of Botanical Nomenclature, the primary step in a classifica- 
tion of the plant kingdom is the establishment of divisions. The 
foregoing discussion has? attempted to show that the Thallophyta should not 
b(5 ri'cognized as a (fKdsion of the plant kingdom and that the Pteri- 
dophyta should be recognized. There then arises the question, How 

^ Scott, 1923. * Zimmennann, 1930. ’ Eamea, 1936. 
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many divisions are necessary for an adequate classification of plants bdow 
the level of seed plants? 

The subdivision Algae of the division Thallophyta has long been 
divided into a number of classes. Recent discussions of the phylogeny 
and classification of algae* hold that certain of the classes are sufficiently 
distinct from one another to warrant recognition as divisions of the plant 
kingdom. However, certain other classes have so many features in 
common that they are evidently related to one another. For example the 
yellow-green algae (Xanthophyceae or Heterokontae), the golden-brown 
algae (Chrysophyceae), and the diatoms (Bacillariophyceae) have so 
many common features that they may be placed in a single division, the 
Chrysophyta.* These common features include: cell walls composed of 
two overlapping halves, silicified cell walls, motile cells with similarities in 
flagellation, similarities in pigmentation of chromatophores, similarities 
in nature of food reserves, and a distinctive endoplasmic type of re.sting 
spore (cyst). The affinities between the Cryptophyceae (cryptomonads) 
and the Dinophyceae (dinofiagellates) also seem strong enough to w arrant 
placing them in a single division, the Pyrrophyta.* On the other hand, 
the grass-green algae (Chlorophyceac), the euglenoids (Euglenophyceae), 
the brown algae (Phaeophyceae), the blue-green algae (Myxophyccae), 
and the red algae (Rho<lophyceae) each seem so distinctive that they 
should be placed in a separate division. Thus, the number of divisions 
necessary for an adequate claKsification of the algal portion of the plant 
kingdom is less than the number of classes among the old subdivision 
Algae. 

For reasons which will be given later (page 368), it .seems more 
probable that the fungi evohed from protozoa rather than from algae. 
They should, therefore, be included in a division or divisions distinct from 
any of those to which algae are referred. 

The foregoing suggested substitution of a uumber of divisions for the 
Thallophyta, together with a retention of the Bryophyta and Pteri- 
dophyta, seems to afford a natural clas.'dfication of plants other than seed 
plants. These divisions are: 

CMorophyta, or grass-green algae, in which the protoplasts have definite 
plastids that contain the same photosynthctic pigments as do vascular 
plants and in the same proportions. Most Chlorophyta accumulate 
starch as the photosynthetic reserve. Motile reproductive cells arc 
usually bi- or quadriflagellate. The flagella are borne at the anterior end 
of a cell and, with a few minor exceptions, are equal in length. Reproduc- 
tion may be sexual or asexual. The gametes are always produced within 
unicellular sex organs, and a fu.sing pair may be of^qual or unequal size. 
The division includes approximately 6,700 species. 

‘ Frltsch, 1935; Pascher, 1931; Smith, G, M„ 1933. • Paacher, 1914, 1921. 

• Ftocher, 1014, 1927. 
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JE?ugf2enop%to»oreuglenoids,inwhich the only pigments axe chlorophyll 
and carotinoids. The pigments, if present, are localized in grass-green 
cbloroplasts. The reserve foods include both paramyhim (an insoluble 
carbohydrate related to starch) and fats. Almost all members of the 
division are naked unicellular flagellates. Motile cells have one, two, or 
three flagella. Reproduction is generally by cell division but may be by 
means of thick-walled resting stages (cysts). Sexual reproduction is 
definitely established for one genus only. The division includes approxi- 
mately 335 species. 

Pyrrophyta which include the cryptonionads and the dinoflagellates. 
Their cells have photo'^ynl hotic pigments localized in yellowish-green 
to golden-brow’n chromatophores. I^hotosynthctic reserves generally 
accumulate as starch or starch-like compounds, but they may also 
accumulate as oil. (Vll walls, when ])re‘^ent, generally contain cellulose. 
Most members of the division are unicellular biflagellated organisms in 
which the two flagella are usually di'-similar in form, position, and motion. 
Some genera are without flagella, alga-lik<', and either unicellular or 
multicellular. Immobile genera may repiodiice aspxually by means of 
either motile or iionmotih' '-pon^s. Sexual reproduction is found in but 
twro or three genera. The division include'^ approxiiufitely 1,000 species. 

Chrysophyia w’hich include the yellow'-green algae (Xanthophyceae), 
the golden-brown algae (Chry‘-ophycoae), and the diatoms. Their cells 
have the photosynlhetic ingments localized in definite chromaiophores in 
wdiich there is a preponderance of yellowish or ])rowni^h carotinoid 
pigments. The food reserves incliuh* both oils and leucosin (an insoluble 
carbohydrate of unknow^n composition). There is never a formation of 
starch. The cell w’all is uMially com,>Ovsed of two overlapping hahes, and 
it is frequently impregnated Avith sih* a. The cells may be flagellated or 
nonflagellated and solitary or united in v'oloni(»s of definite fonn. Asexual 
reproduction of immobile genera may » e by means of flagellated or non- 
flagellated spores. There is a widespread, although not uniAersal, endo- 
plasmie formation of a unique typo of ^pore— the ^tatospore. Sexual 
reproduction, Avhon present, is by a fusion of flagellated or nonflagellated 
gametes of equal size. The division incluui's approximately 5,700 species. 

Phaeophyta, or brow n algae, whicdi have their photosynthetic pigments 
localized in chromatophores that also contain a golden-brown pigment, 
fucoxanthin. The chief food roserv’e is a soluble dextrin-like polysac- 
charide, laminarin. The plant body is always immobile, multicellular, 
and generally of a definite maeroseopie form. Motile reproductive cells, 
whether sexual or asexual, are pyriform and have tw'O laterally inserted 
flagella of unequal length. The life cycle generally involves an alterna- 
tion of a diploid asexual generatif>n with a haploid sexual generation. 
Both generations are free-living, and the two may be similar or dissimilar. 
The division includes approximately 900 species. 
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Cyanophyta, or blue-green algae, in which the photosynthetic pigments 
are distributed throughout the entire peripheral i>ortion of a protoplast 
and are not localized in definite plastids. In addition to chlorophyll and 
the accompanying carotinoids, a protophust may contain a blue pigment 
(phycocyanin) and a red pigment. The Cyanophyta differ from all other 
algae in their primitive type of nucleus (the central body), which lacks a 
nuclear membrane and nucleoli. None of the Cyanophyta forms flagel- 
lated reproductive cells, and none of them reproduces sexually. The 
division includes approximately 1,400 species. 

Rhodophyta or red algae in which the photosynthetic pigments are 
localized in chromatophore.s that contain a red i>igment (phycoerythrin) 
and sometimes also a blue pigment (phycocyanin). The chief food 
reserve is an insoluble carbohydrate, floridcan starch. The plant body is 
always multicellular and generally of a definite macroscojric form. 
Flagellated reproductive cells, either asexual or .sexual, are not formed by 
red algae. Most genera reproduce sexually. Scxtial reproduction is 
effected by passive transportation of nonflagellated male ganu'tea to, and 
their lodgement against, the female sex organ, the carpogonium. 'J'he life 
cycle of many, although not all, Rhodophyta involves an alternation of a 
free-living haploid .sexual generation with a free-living diploid se,\ual 
generation of identical form. The division includes approximately 2,500 
species. 

Myxothallophyta, or slime molds, in which there are no photosynthetic 
pigments and in which the plant body is a naked mass of i)rotoplasin 
throughout all stages of vegetative development. The vegetative body 
may be either a single large multinucleate ma.ss or an aggregation of many 
small uninucleate protoplasts. Reproduction is by the formation of 
many small uninucleate spores, each with a distinct w'all. In a maj«)rity 
of the genera the spore.s arc borne within or upon a fructification of 
definite form. The division includes approximately 435 .specie.s. 

Eumycefae, or true fungi, in which there are no photosynthetic pigment.s 
and in which there is almost always a definite cell wall throughout all 
stages of vegetative development. All but the most primitive <tf the 
Eumycetae have the branching filamentous type of plant body known a.H a 
mycelium. It may comsist of a single multinucleate cell or be 1ran.sversely 
dmded into many cells. The various branches (hyphae) of a mycelium 
may lie in an amorphous felt-like mass, or they may be intertwined to 
form a macroscopic ma&s of definite form. Reproduction i.s by means of a 
wide variety of types of spores, some of which arc formed directly or 
indirectly after a union of gametes or gamete nuclei. Tho division, inclu- 
sive of lichens, contain.s approximately 89,000 siicftes. 

Bryophyta which include the liverworts, homworts (anthocerotes), and 
mosses. The Bryophyta are simple green plants which differ from all 
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algae in that their aex organs are always multicellular and have an outer 
layer of sterile cells. The life cycle involves an alternation of a free-living 
haploid sexual generation (ganietoph 3 rte) with a diploid asexual genera- 
tion (sporophyte). The latter is completely or partially dependent upon 
the forraer throughout all stages of development. The internal organiza- 
tion of the h[)orophyte is always simple, and there is never a differentiation 
of vascular tissues. The division ineludc^s approximately 23,000 species. 

Pieridoyhyta which includes the psilophytcs, lycopods, horsetails, and 
true ferns. They are green plants distinguishable from Bryophyta by the 

ANUOSPEItMAB 
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kingdom. 

fact that the ^porophyto is independent of tlio gametophyte at maturity. 
They differ from s(hh 1 plants in their liberation of the spore, or the game- 
tophyte developed from it, from the sporangium, Mat\»re sporophytes 
have an internal vascular system composed of xylem f.nd phloem. 
(Jenerally, allliough not always, the s])oiopliyle is differentiated into 
stem, leaf, and root. Tin* di\ision includes about 4,850 living species. 

Interrelatiouships. The \arious algal divisions described on the 
pn'coding images seem to be phyletie series entirely imh‘i)endent from one 
another. The answ er to the (luestu)n as to whet her they arose independ- 
ently or from .some roinmoii anees^ ral stock is obscure and purely a matter 
of speculation. IIowe\a»r, numerous physiological and morphological 
features common to the various algal scries suggest that they may h^ve 
hail a common origin m some primitively organized ancestral stock. The 
common physiological features include ability to elaborate foods photo- 
synthetically, ability to form enzymes, permeability, and similarities in 
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responses to external stimuli. Most of them also have such common 
morphological features as a differentiation of the protoplasm into cyto^ 
plasm and nucleus, a localization of the photosynthetic pigments in 
plastids, and a qualitative division of the nuclear material. 

Evolution among the various series of algae has not reached the same 
stage of advancement. There has been but little vegetative advance- 
ment in either the Chrysophyta, the Pyrrophyta, or the Cyanophyta, and 
in all of them the reproductive organs are simple. * The Phaeophyta and 
the Rhodophyta have attained a higher level in that certain of them have 
a relatively large plant body, complex in form and with some internal 
differentiation of tissues. However, in neither the red nor the brown 
algae does there seem to have been an evolution of a true hind plant. 
Evolution of the Chlorophyta has progressed far beyond an algal organ- 
ization of the plant body, and the repnxluctive structures typical for 
algae. This algal series seems to be the oiu' gi\ ing rise to the bryophytes, 
pteridophytes, and all other tnie land plants. 

The relationships of plants are usually shown by a diagram having the 
form of a many-branched tree. A more a<‘curate diagrammatic repre- 
sentation of the evolutionary interrelationships among plants would be 
that of a tree surround(Hl by seven shrubs (Fig. 1). The tree wouUl repre- 
sent the Chlorophyta and the land plants derived from them. Tin* shrubs 
would represent the other algae* and the* fungi. Three of the algal shrubs 
w'ould be very low. The other two, repre\seutiug the Phaeophyta and 
Rhodophyta, would be somewhat talh‘r. 
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CHAFfER II 
CHLOROPHYTA 

The Chlorophyta, or grass-greon algae, have the same photosynthetic 
pigments (chlorophyll a, chlorophyll 6, carotin, xanthophyll) as do the 
vascular plants and in the same prop6rtiona. These pigments are local- 
ized in definite plastids (chloroplasts). Most of the Chlorophyta accumu- 
late starch as the photosynthetic reserve. The plant body {thallua) may 
be unicellular or multicellular. Motile reproductive cells of Chlorophyta 
have their flagella, generally two or four, borne at the anterior end and, 
with a few' exct'ptions, have all flagella equal in length. Reproduction 
may be asexual or sexual. When sexual reproduction takes place, the 
gametes are alw'ays pro<luced within unicellular sex organs, and the fusing 
pair of gametes may be of ecfual or unequal size. • 

There arc approximately 360 genera and 5,700 species of Chlorophyta. 
A large majority of the species are fresh-w'ater in habit. Most of the 
fresh-w’ater species are microscopic organisms; many of the marine species 
are large and macroscopically recognizable. 

The Chlorophyta are divided into tlie two following classes: 

Chlorophyceae, in which the plant body is unicellular or multicellular, 
but in wdiich multicellular thalli never liave growth initiated by an apical 
cell. The sex organs arc unicellular, are borne freely exposed, and only in 
very rare cases become surrounded by a sheath of sterile cells after 
fertilization. 

Charophyceae in which the plant body is always multicellular and in 
w'hich growth is initiated by an a[)ical cell. The sex organs are tinicellular 
and are always borne within .special sterile multicellular envelopes. 

CLASS 1. CHLOROPHYCEAE 

Thalli of Chlorophyccae may be unicellular, or they may be iimlti- 
cellulaT and have eithcjta definite or an indefinite number of cells. Thalli 
with an indefinite number of cells may have them arranged in irregular 
masses, in filaments, in expanded sheets, or in solW or hollow cylinders. 
Many members of the class rei)ro(lucc ascxually by zoosjmres, aplano- 
spores, or akinetes. Sexual reproduction is also of jpridespread occurrence 
and ranges from isogamy to oogamy. ^ The sex organs are always one- 
oelled and not surrounded by an envelope of sterile cells. 

There are about 350 genera and 5,500 species of Chlorophyceae, 
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Occurrence and Distribution. Approximately 10 per cent of the 
specie? are marine, and most of them grow in the intertidal zone. Certain 
orders, as the Ulvales and Sipbonales, arc predominately marine; other 
orders have a few marine speeics; and stUl others, as Oedogoniales and 
Zygnematales, do not ha\ e marine species. A majority of the fresh-water 
species are submeiged aquatics, but the number of species that do not 
grow submeiged in water is surprisingly large. These include the species 
growing on soil, on rocks or cliff'-, on damp woodwork or the bark of trees, 
and on snow or ice There are also a few species that are internal para- 
sites of land plants or epiphytes upon land animals. 

Many ol the maiiiic species have a definite geographical distribution, 
which is primarily dej)endeut upon temperature of the water The same 
does not hold for fresh-w’ater species, and, except for desmids and a few 
tropical species, all of them are cosmc^politan and may be expected 
anywhere 

Cell Structure. The Wdll. With the excc'ption of a few primitive 
genera, the jjrotopla'-t lies w ithin a definite wall. In the primitive genera 
without walls, the' cxterioi of the naked protoplast is rigid and of a 
characteristic ‘-hape The characte iistic cell shape among genera with 
a wall is thcrcff)rc piobahly due to the piotoplast itself rather than to the 
enclosing wall All cells sui rounded by a wall ha^e one composed of at 
lea-st two concentric portions The innermost portion is usually com- 
IKisexl wholly oi almost w holly of cellulose * The c ellulose portion may be 
homogeneous m structure or consi-,t of several concentric layers. In the 
Siphonales the innermost portion usually contains callose instead of 
cellulose * Kxte rnal to the cellulose poition of a wall is a region in which 
pectose predominate'5. It is not clear whether the pectose is derived 
directly from the' e-cllulo.se or is a secretion of the protoplast that filters 
through the cellulose portion. The latter appears to be the ca.se with 
desmids in which there are definite poics in the wall. Cells of most 
genera have the outermost portion of the pectose converted into a water- 
soluble la-e-tin that dis-solvcs aw ay in the surrounding medium. It is very 
probable also that the formation of pectose continues throughout the 
vegetative life of a cell. There aw many Chlorophyceae, as the Zygne- 
mataccae, where the amount of pectose secreted just about balances that 
dissolved away. The result is an equilibrium in which the thickness of 
the pectose layer remains practically constant.® If the formation of 
pectow* ceases, a.s it does during conjugation in Zygnemataceae, there 
comes a tinm when the pectic layer dissolves away and there is nothing 
external to the cellulc^e portion. Not all species establish this equilib- 
rium, and certain of them have the gelatinous portion of the wall increas- 
ing indefinitely in thickness. There arc also genera where the external 
* Tiffany, 1924; Wurdack, 1923. • Mirandc, 1913. ‘ Tiffany, 1924. 
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portion of the pectose becomes impregnated with chitin and where the 
wall is composed of three distinct portions.^ Even if one agrees with 
those who deny the presence of chitin in algae,* it is clear that certain 
genera have an outermost wall layer that inhibits, or greatly reduces, 
dissolving away of the pectose portion. Walls of green algae may also 
be impregnated with lime. This is especially the case with Siphonales of 
tropical seas, and in them lime may accumulate in such quantity that the 
alga is white, not green. 

The Protoplast. Most Chlorophyceae have the cytoplasm restricted 
to a layer next the cell A\all and have a conspicuous vacuole internal to 
the cytoplasmic layer. Immature (‘ells developing from zoospores have 
many small vacuoles scattered through the cytoplasm, and these vacuoles 
gradually unite to form a single central one. Sometimes, as in Sphaeroplea 
(page 66), there are several large vacuoles within a mature cell, or, as in 
Spirogyra, the central vacuole is incomx)letely divided by strands of 
cytoplasm. Vacuoles of a few spc'cies are colored lw‘cause of anthocyan 
pigments dissolved in the cell sap. Cells of ('‘hloro])hyceae tliat have 
become adapted to a subaerial existence usually do not have central 
vacuoles. 

Most of the Volvocales and certain of the Tetrasporales have small 
contractile vacuoles, usually two, near the base of the flagella. When 
two vacuoles are present, they usually (‘ontract alternately. The con- 
traction is sudden and the distension is sl()w^ It is thought that the 
contractile vacuoles are excretory organelles and that the liquid discharged 
from them is cxpelU^d from the (cll. 

The protoplast always contains one or more nuclei. Many families 
and orders have vegetative cells that ar(‘ uninucleate except at the time 
of sporulation or gametogenesis Uninucleate cells may have the nucleus 
embedded in the peripheral layer of cytoplasm or huspended in the 
central vacuole by cytoplasmic strands connected with the peripheral 
cytoplasm. Mullinucleate vegetative cells (coenocytes) are found both 
among Chlorophyceae which do not have vegetative cell division and 
among those whose cells divide vegetatively. Most coeuocytes h 9 .ve a 
gradual inen^ase in number of nuclei as a cell increases in size. Nuclei 
of both uni- and multinucleatc cells have a distinct nuclear membrane, 
one or more nucleoli, and a chromatin-linin network. The amount of 
chromatin is often so scanty that the space between nucleolus and mem- 
brane is almost colorless. Nuclear division is mitotic and similar to 
that in vascular jilants. 

The chloroplast is the most conspicuous orgaj^ellc of the protoplast. 
The amount of pigmentation of chtoroplasts is extremely variable and 
ranges all the way from a quantity suflficient to color th^ plastid a brilliant 

* Wurdack, 1923. * Wett«t(3in, von, 1921, 



CBLOROPHYTA 


16 


green to an amount so small that there is only a tinge of color. A few 
Chlorophyceae completely lack photosjmthetic pigments. Most Chloro- 
phyceae have no other pigmentation than chlorophyll and its associated 
pigments. A few species, including Trentepohlta (page 64), have the 
giwn color completely masked by an drange-red pigment (haemato- 
ckrome) that is thought to be of a eayotinedd nature. The function of the 
haematochrome of Trentepohlia is uncertain, but its accumulation in 
recently formed ccllb has been held^ os proof that it functions as a food 
reserve rather than as a light screen. 

Chloroplasts always have a .shape charaotciistic for the particular 
species, and this is often characteristic of the genus and family. Old 
cells of many species .seem to have the chlorophyll diffitsed throughout 
the cytoplasm, but young cells of all of them have definite chloroplasts. 
The shape of the chloropla.st is extremely varied wlnm the Chlorophyceae 
are taken as a whole, Th(‘ massive cup-shaped chloroplast foimd in 
most species of Chlamydimumas is also found in many other Volvocales 
and in Tctrasporalcs. This w idc'.pread o( currcnce of cup-.shaped , 
chloroplasts among the lower (’hlorophycene gives good reason for sup- 
posing that it is the primitive type. In more advanced green algae, as 
the Ulotrichalcs, the chloroplast is parietal in position, laminate, and 
entire or ,i)erf orate. Cells of a considerable number of genera, especially 
those belonging to the Siphonaks, have numerous small disciform chloro- 
pla.sts at the penpluny ot the protoplast. The most striking of all 
chloroplasts are found in the desmids, and the laiige in shape from genua 
to genus is almost infinite. 

^J^^Most chloroplasts contain a special organelle, the pynnoid. Struc- 
turally, the pyrenoid consists of a central eon*, of a proteinaceous nature, 
ensheathed by plates of staieh (Kig 2). Strietly sijeaking, the term 
pyrenoid should be applied otily to the central protein portion, but in 
common usage it is often applied to both the protein portion and to 
the surrotmtling starch plates. AVith a few' c.xceptions all present-day 
phycologists hold that the protein portion is inlimately concerned with 
the formation of the starch plates. According to one interpretation,* the 
body of a pyrenoid becomes differentiated into two parts: one destined 
to be transformed into a starch plate; the other to remain vmchanged. 
The part undergoing change grailually gives more and more of a starch 
reaction, moves away from the unchanged part, and eventually l^ecomes 
one of the starch plates surrounding the pyrenoid. According to another 
interpretation,* starch grains are at first minute granules external to 
the pyrenoid; later on^hey increase in size by deposition of starch on idl 
sides. Small chloroplasts usually contain a single pyrenoid; large cbloro- 
plasts usually contain several of them. In uhloropla&ts of certain species 

‘ Qeitler, 1923. * Tiiuberlake, 1901. * Csurda, 1928. 
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it is quite clear that p]rrenoids are formed by division of a preexisting 
pyrenoid; in other species it is equally clear that they are formed de novo. 



Fiq. ? — Pyrenoids of Hydrodictyon, ahowing thp cutting off of starch plates CFrotn 

Ttmberlake, 1901 ) 

Chloroplasts in cells of certain species regulaily lack pyrenoids. Most of 
these species, in spite of their lack of pyienoids, regulaily loim starch. 

Chlorophyceae also stoic reserve foods as fats. The oil droplets so 
frequently present in zygotes and in old vegetative cells are probably con- 
version products from starch. On the 
othei hand, there are some green algae 
whose vegetative cells form only fats. 
The most notable of these is Vaucheria, 
but it is intere.sting to note that even 
this alga sometimes forms starch when 
constantly illuminated.* 

FlageUa and Eyespots. Motile 
vegetative and reproductive cells (zoo- 
ids) of Chloiophyceae are propelled 
through the mater by special organ- 
elles, the fiageUa, that are inserted 
(borne) at the anterior end of the cell. 
Most zooids have two flagella, but there 
may be four, eight, or many of them. 
In all but a few exceptional cases the 
flagella of a zooid are of equal length. 
Flagella of vegetative cells, and probably also tflose of zoospores and 
gametes, are produced by the neuromolor apparatiis, an organelle inti- 
* Tiffany, 1924. 



Fig. 3. — Neuronictor apparatus of 
Chlamydomonas naauta Korshikov. A, 
neuTomotor apparatus of a vegetative 
cell. B, at the beginning of cell division. 
C-F, development of tho neuromotor 
apparatus m a young cell. {All after 
Kater, 1929.) (X 1284.) 
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mately associated with the nucleus. The neuromotor apparatus of 
ChlamydomoTias nasuta Korshikov is of an elaborate type^ and more or 
less similar ones have been found^ in several other Volvocales. There 
is, first of all, a granule (Jbhphuro^l^sf) at the base of each fiagellum 
(Fig. 3). The blepharoplasts are connected with each other by a trans- 
verse fiber (the paradesmose), and it is connected to a small intranuclear 
centrosome by another delicate fiber (the rhizopla^t). The centrosomei 
in turn, is connected with the nucleolus by a 
delicate fibril, but this is probably without 
significance. 

All parts of the neuromotor apparatus 
except the centrosome disappear at the begin- 
ning of cell division in Chlamydomo7ias nasvia. 

The centrosome then divides into two daughter 
ceiitrosomes wliich come to lie at opposite poles 
of the intranuclear spindle. When daughter 
nuclei an* reorganized from the divided chrom- 
osomes, there is a single centrosome within 
each nucleus. The formation of a new neuro- 
motor apparatus begins with an elongation of 
the centrosome into a dumbbell-shaped struc- 
ture, one end of which projects through the 
nuclear membrane. This free end, the blc- 
l)hjiroplast, eventually migrates to the anterior 

end of the cell, spiniiing out a rhizoplast eyespot 



Fio 


4 — .1, diasram of an 

of CUamydomoruu 

l)etwocn it and tho end remaining within the anT* the * phofo^«tive“ro^ 
nucleus, the intranuclear centrosome. The stance s B, diagram of a 
blepharoplast divides into two daughter ble- L. 

pharoplasts after reaching the anterior end of photosensitive substance S, ^ 
the cell, and they remain conneeted with each (.Modified 

other by a paradesmose. The method by 

which each daughter blepharoplast causes the development of a fiagellum 
is uncertain. 

The flagella of green algae are not homogeneous in structure but 
consist’ of a distinct axial filament surrounded for the greater part of 
thMr length by a cytoplasmic sheath. The cytoplasmic sheath usually 
ends abruptly; the naked portion of the axial filament extending b^ond 
it is known as the endpiecc. 

Zooids usually have an eyespot or stigma. An eyespot is orange-red 
to reddish brown, and jt may be circular, oval, or sublinear in outline. 


‘Kater, 1929. 

* Entz, 1918; Hartmann, 1921; Kater, 1925; Zimmermann, 1921. 

• Petersen, 1929. 
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It IB usually located near the base of the flajiella, but it may lie in the 
equator of a cell. Division of protoplasts of Volvocales may be accom- 
panied by a bipMt i t i ffl of. t he eyespot. or new evespots may be formed 
de novo in eac^i*' aaughter protoplast. Njonfl^e&ted vegetative^cells 
of the higher green algae do not have eyespots. An eyespot may appear 
just before zoospore or gamete foj^ation and be ^[r yP ed each time the 
protoplast divides, ""or eyespots may not api>ear until all divisions of the 
protoplast have been completed. 

The eyespot is a phofbleceptivo organelle intimately concerned with 
directing movement of the flagella. Possibly it is a part of the neuro- 
mdC(^r ^stem, as has been claimed,^ but as yet there has been no cytolegi- 
cal demonstration of the fact. In Chlamydomonas (Fig. 4A) and possibly 
Other um(»^ular Volvocales, the eye'spot consists of two portions; a 
biconvex hyaline portion, which is the i)holoreceptivc part, and a curved 
pigmented plate.^ Volvox and certain other colonial genera have a more 
complicated t3npe of eyespot (Fig AB). Here there is a definite biconvex 
lens, a curved colorless photosensith e portion, and a euived pigmented 
portion.* Phototactic responsos in Volvocah's with this type of eyesi>ot 
are thought to be due to selective reflocticip from the concave surface of 
the pigmented portion. 

Cell Division. Cells of all-Chlorophyccac except those of Chlorococ- 
cales and Siphonales diiide vegetatively Divi'-ion is intercalary in 
most unbranched filamentous genera, and, except for the basal cell, 
any cell of a filament may divide Dh ision is also intercalary in branch- 
ing filamentous genera, but in most cases the divisions are restricted to 
terminal portions of the blanches, although not necessarily to the apical 
cells. In most nonfilamentous colonial genera there may be a division 
of any cell in the colony. 

Cytokinesis of uninucleate cells is always preceded by a mitotic 
division of the nucleus; coenocytic cells may or may not have nuclear 
divisions preceding cell division. The usual method of cell division is by 
a furrowing of the plasma membrane midway between the cell ends. 
This linear furrow deepens until it has cut entirely through the protoplast 
and formed two daughter protoplasts. There is great variability in the 
time at which new transverse walls are formed and in the method of 
their formation. Most cells secrete wall material within the furrow as 
it deepens. In fact, cross-wall formation follows so closely upon furrow- 
ing that cell division is often thought to be caused by an inward growrth' 
of a transverse septum. Sometimes, as in Oedogonhm, division the 
protoplast is completed before the beginning ^f cross-wall formation 
(paige 70). In a few Chlorophyceac’ cell division is by means of a cell 
plate (pkragmoplasf) as in ceils of vascular plants. 

* Hast, 1028. * Mast, 1916, 1628. * MoAUuter, 1013; 1931; Mainx, 1027. 
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Division of the protoplast may be accompanied by division of the 
chloroplast. The chloroplast may be divided transversely {Spirogyra, 
Uhthnx), or longitudinally (fihlamydoinonas). Uninucleate cells with a 
chloroplast axial to cither pole of the nucleus, as Zygnetna, have division 
of the chloroplast taking place after cytokinesis. 

Many Chlorop^yceae show a marked diurnal periodicity in the time 
at which nuclear and cell division take place. In the great majority 
of cases it is at night. Tj^uclear division usually begins within an hour 
or two after sundown and is often completed shortly 'after mii^ight. 
Cell division usually takes place during the early morning hours. It 
is not impiobable that this diurnal periodicity is correlated with accumula- 
tion of reserve foods following the photosynthetic activity of the daytime. 

Asexual Reproduction. Asexual reproduction of colonial genera 
may be vegetative and by a fiagmeiitation pf the colony. Fragmentation 
of filamentous genera may be purely accidental, or it may be due to a 
formation of spores or gametes here and there* along a filament. Under 
certain environmental conditions, «oine genera have a regular dissocia- 
tion into individual cells or shoit files of a few cells each. Such frag- 
ments may .Mibseciueutly grow into long filaments. Nonfilamentous 
colonies may reproduce vegetatively by an accidental fragmentation or 
by an abseisMon of proliferous outgrowths. 

Asexual reproduction may also be due to the formation of one or 
more .spores within a cell All cells piodueing spores are sporangia, 
but among the Chlorophyeeae it is eustomarj' to apply this tenn only 
to those geneia, as TrtnUpohha, where the spoiaugia aiC morphologically 
different from vegetative cells. The spores may be naked and motile 
(Fig. 16£) or nonmotile and surrounded by a wall. Motile spe^ 
(zoospores, Fig. 16^1) have two, four, or more flagella at the anterior 
end. If a nonmotile spore has a wall distinct from the parent-cell wall, 
it is an aplanospore^ (Fig. IfiC)- Aplanospore.s with greatly thickened 
walls are usually called hypnospores. Nonmotile spores formed sin^y 
wdthin a cell may have a wall that u* not distinct from the parent-cell 
wall. Such spores are akincks (Fig. .'lltr). Vegetative cells may also 
develop directly into akiuetes with greatly thickened walls and abundant 
food reserves. Such akinetes are to be interpreted as vegetative cdla 
better adapted to tide the'a^a over unfavorable conditions. 

Aplanosimres are in rcahty modified zoospores that have ee<^reted 
a wall before liberation from the sporangial cell. The type of spore 
product by a green alga is frequently dependent upmx environmental 
conditions; thus, as m^aucheria, it is not uncommon to find the ssutne 
species producing zoospores when it growls submerged in water and 
producing aplanospores when it grows in subaerial habitats. 

‘ WiUe, 1883. 
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Zoospore formation, like cell division, frequently takes place at 
night, and the spores are usually liberated at daybreak. Sudden changes 
in the environment often stimulate profuse sporulation, and it is no 
unusual experience to find many algae producing zoospores the day after 
they are brought into the laboratory. For certain algae this has been 
shown^ to be due to an increase in the amount of carboq dioxide in the 
water. 

Some genera produce a single zoospore within a cell, but most genera 
have each cell producing more than one. The number of zoospores 
formed by a uninucleate cell is a multiple of 2 and usually 4, 8, or 16. 
This is due either' to successive simultaneous nuclear divisions before 
cleavage into uninucleate protoplasts or to simultaneous successive 
bipartitions of the protoplast. Cocncytic cells also have a cleavage into 
uninucleate protoplasts, but their number is not necessarily a multiple 
of two. Cleavage of cells with several nuclei may bo simultaneous; or 
progressive, and into masses with smaller and smaller numbers of nuclei 
(Fig. 48C-D). Irrespective of whether formed by simultaneous or pro- 
gressive cleavage, the uninucleate protoplasts are then metamorphosed 
into zoospores with a specific number of flagella. BIcpharoplasts have 
been observed^ in developing zoospores of several species, and at least 
one genus is known* to have a definite neuromotor apparatus Zoospores 
resemble vegetative cells of unicellular Volvocales, and from the phylo- 
genetic standpoint they may be looked upon as a temporary reversion to 
the primitive ancestrhl flagellated condition. 

Liberation of zoospores is generally through a pore in the surrounding 
wall, but it may also be effected by a breaking or golatinization of the wall 
Zoospores of most genera swim freely in all directions after hberation, 
but in many eases the direction in which they swim is influenced by 
external stimuli, especially light and gravity. The duration of swarming 
is dependent upon the particular species and upon environmental condi- 
tions. The normal swarming period generally lasts from 30 minutes to 
2 hours, but it may be as short as 3 or 4 minutes (Pediastrum)* or as long 
as 2 or 3 days {Ulothrix)^ Movement becomes more and more sluggish 
toward the end of the swarming period, and a slow lashing of the flagella 
often continues after zoospores have come to rest Shortly after ceasing 
to swarm, the zoospore retracts or loses its flagella and secretes a wall. 
These one-celled plants are usually sessile and arc attached to the sub- 
stratum by means of peetose material in the newly formed wall. Ckilonial 
species soon have the one-celled stage developing into a many-celled 
colony. 

* Qtumwa, 1927, 1930; Uspentdcaja, 1930 

t Davla, 1908; Guasewa, 1930; Timberlake, 1902. * Bdeh, 1926. 

« Harpw, 1918 * Klebs, 1896. 
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Aplanospores may be liberated by a breaking of the mother-cell wall 
or only after its decay. They may germinate directly into new plants, 
or they may produce zoospores that develop into new plants. 

Sexual Reproduction. The Chlorophyccae are an evolutionary series 
in which gametic union became firmly eetabfished in the most primitive 
forms and persists among the highest members of the series. Gametic 
union of many species is isogamous (Fig. 8B) and with a fusion of two 
flagellated or nonflagellatcd gametes of equal size. Other species are 
either amsogamous (Fig. QE) and with a unioti of two flagellated gametes 
of unequal size or oogamom (Fig. 1321) and with a small motile male 
gamete (arUherozoid) imiting with a large immobile gamete (egg). In at 
least four independent lines among the green algae, there has been an 
evolution from isogamy to ot^amy. 

Many Chlorophyceao show a marked seasonal periodicity in the 
occurrence of their scxu^il reproduction. In fresh-v ater algae this usually 
takes place late in the spnng, but it may not take place until the fall. 
Sexual reproduction of Spirogyra seems to take place only when a certain 
amount of reserve food has accumulated. Here, the accumulation of a 
sufficient food reserve is directly dependent upon the ratio between sur- 
face of cell, volume of the cell, and the temperature ^ The prevalent 
idea that a lowering of kho water supply in a pool induces fruiting is 
incorrect, since it has been shown® that there is an even more abundant 
fruiting if weather conditions arc such that the water level of a pool does 
not fall 

The production of flagellated gametes {zoogametea) is almost identical 
with that of zoospores Gamete-producing cells, the gametangia, are 
generally morphologically indistinguishable from vegetative cells. 

All green algae in which both gametes are nonflagellated (aplano- 
gamoua) are isogamous Aplanogamy i^ found throughout the Zyg- 
nematales and is q feature immediately separating them from other 
Chlorophyceae. Some Zygnematales are truly isogamous and with both 
gametes of a uniting pair amoeboid Other Zygnematales, as Spirogyra, 
have the morphological isogamy accompanied by a physiological dif- 
ferentiation in which one gamete is passive and the other actively 
amoeboid. 

In anisogamous species the larger gamete of the two is always con- 
sidered the female. It may be but little larger than the male ^mete 
{Pandorina, page 33), or it may be many times larger {Codium, 
page 113). 

With one exception {Sphaeroplea, page 66), eggs of odgamous 
specieh are pioduced sif%ly within a gametangium, the oSgonium, morpho- 
logically different from vegetative cells. The antheridium, the game- 

> TraosMU, 1016. * Tnnseau, 1013 
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t. |i.n giiim producing the aathero^oids, is also generally of a distinctive 
form, and it usually produces more than one antherozoid. 

Both of a umting pair of iso- or anisogamous gametes may be actively 
motile at the time of gametic union, or one may be motile and the other 
immobile. Almost all of the oogatxmus Ohlorophyceae have a swimmipg of 
the antherozoid into the odgordum and gametic union taking place there. 

Iso-, aniso-, and oogainous species may be homothallic and with a 
union of gametes from the same cell or thallus; or they may be hetero- 
OidUic and only have a union of gametes when the two come from colls 
of different parentage. Certain hetcrothallic algae have a geiiotypic 
differentiation into the two kinds of thalli at the time of ^gote 
germination;^ 

There are numerous records of cases where gametes that have not 
united with one another have developed into new plants or inlAjresting 
stages identical in appearance with zygotes. The evaluation m these 
records of parthenogenesis is a difficult matter since they have been 
observed in mixed cultures. However, pure c}iUures have demonstrated 
that gametes of some species develop parthenogenetically,* aft^hose of 
others do not.* The development of gametes into zygote-Ulre bodies 
(parihenospores) is a well-established fact among the Zygneraatales. 

The Zygote and Its Germination. Zoogamctes may not have a dis- 
appearance of the flagella when they unite in pairs, and the resultant 
zygote may swarm in much the same fa&hion as a zoospore before it 
comes to rest and secretes a wall. All zygotes of oogamous Chloro- 
phyceae are, of course, immobile from the beginning, and they all secrete 
a wall writhin a fairly short time. The zygote w all is a thin homogeneous 
structure when first formed, but later on it often becomes differentiated 
into three layers, the outer two of which contain cellulose. Zygotes of 
many species have a characteristic omami'utation and coloration. 
Among species with a zygote entering upon a resting period, the young 
zygotes are a bright green and contain such food reserves as were present 
in the gametes. Photosynthesis by the npiming zygote may resfilt in 
an accumulation of still more food. At first the food reserVfes'^consist 
almost wholly of starch; later on there is often a conversion of the sthrph 
into fata. 'There is often, also, a development of haematochrome 
sufficient quantity to color the protoplast a bright red or an orangCi-red. 

Sooner or later the two nuclei contributed by the two gametes fuse 
writh each other. The fate of the chloroplasts is harder to folldv. In 
the case of Zygnema* and certain desmids* the cblqRClplasts derived frpm 
the female gamete persist, and those contribute by the male gamete 
degenerate. 

*Sclireiber, 1925; Mainx, 1931 *8chulzo, 1927 * Holicnberg, 1935. 

^Bjinsanow, 1911 » Potthoff, 1927. 
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Many, if not all, of the Volvocales, Ulotrichales, Oedogoniales, and 
Zygnematales have a reductional division of the zygote nucleus. It sems 
equally certdn that dmsion of the' zygote nucleus is equational, not 
ill certain Cfadophorales, Ulvales, and Siphouiles. 

Zygotes with the nucleus dividing reductionally do not germinate 
immediately. The time interval for ripening is often a matter of months, 
and it has been shown that zygotes of Ulothrix germinate 5 to 9 months 
after they are formed^ and that those of Oedogoniutn have a resting 
period of 12 to 14 months.* In most cases meiosis |:esolt8 in four nuclei, 
but there are oase.s where one of the daughter nuclei of the first jjlivision 
degenerates and the other divides into two nuclei. All resting zygoteS^ 
but those of Zygnematales have meiosis followed by a formation of 
zoospores. Tliere is usually a division into four zoospores at the qiiadri- 
nucleate stage, but a gomiinating zygote may also give rise to more or 
less than four zoospores; the production of less than four nuclei is due to 
a degeneration of one or more of them; the production of more than 
four, as in Cpleochaete (page 53) is due to further nuclear divisions after 
meiosis. 

Zygnematales Ho • not form zoospores when a zygote germinates. 
Some genera have a persistence of all four nuclei after meiosis and a 
division into four uninucleate protoplasts, each of which develops directly 
into a new plant. Other genera either have two of the four nuclei non- 
functional and a formation of two gcrmlings, or a degeneration of three 
nuclei and a production of but one new plant. 

Zygotes with the nucleus dividing equationally usually germinate 
within two or three days after gametic union. Division of the daughter 
nuclei Ls also equational, and meiosis does not take place yntil just before 
reproduction. Depending upon the species, this may be'sporogenesis or . 
gametogenesis. < 

'^^^^VLife Cycle of Chlorophyceae. Unicellular Volvocales reproducing 
j Sexually have Ihe simplest possible type of a life cycle (Fig. 6A). Here 
cell division results in the formation of two, four, or eight motile daughter 
cells which are strictly homologous with the zoospores of other Chloro- 
phyccae. From the morphological standpoint, these one-celled plants 
produce zoospores which, in turn, metamorphose into motile one-celled 
plants. The vegetative cells may also give rise to zoogametes that fuse 
in pairs to fonn a zygote. The qucleus of a germinating zygote divides 
meiotically, and there is a production of four soo8POie aj Brbi<;h ( %ctiQn 
direetty as one-celled vegetative plants. The life cycle of these primitive 
algae insists, therefore, of an ^temation of a one-celled haploid phase 
with ^ one-celled dipMd pha^r Sncfilaltemation is not bBligalibiy in 
the sense that the haplqid phase must always give rise to the diploid phase 
iQroew, 1031 * MZinx. 1031. 
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since there may be a suocession of haploid phases before production of a 
diploid phase. The alternation is, however, obligatory in the sense that 
the diploid phase cannot give nse to furtW diploid phases but must 
alwa}^ form the haploid phase. 

This primitive cycle may have been succeeded by one with vegetative 
cell division in either pha^. The great majority of Chlorophyceae have 
had an mterpolation of vegetative cell division in the haploid phase 
(Fig. 5B). This results, as in Oedogonvutn, in a hfe cycle with a multi- 
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C6llular haploid goneration alternating with a unicellular diploid phase 
Such haplonts^ usually have the haploid generation reproduc ing asexually 
by means of zoospores or modifications of zoospoics Codiunt and Bvyojh 
918 represent instances where there has been an interpolation of vegetative 
division in the diploid side of the cycle (Fig 5C). In those dtplants the 
life cycle consists of an alternation of a diploid coenocyte, the morpho- 
logical equivalent of a multicellular diploid generation, with a unicellular 
haploid phase. 

Certain Ulvaceae and Cladophoraceae are known to be diplohaphnts^ 
and to have a life cycle in which there is an alternation of a many-celled 
haploid generation with a many-celled diploid j|feneration (Pig 5D) 
The alternating generations of Ulvaceae and Cladophoraceae are identical 
»SvedeliU8, 1931. 
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in appearance and cannot be distinguished from each other until the 
time of reproduction. In some species the alternation is strictly obligate; 
in others there may be a reduplication of the haploid generation by a 
parthenogenotic germination of zoogametes. Diplobaplonts with simi- 
lar gametoph 3 rtic and sporophytic generations probably arose from a 
haplbnt through a failure of mciosis in the germinating zygote. Since 
each of the two haploid gametes forming the zygote had eontributed an 
identical set of genes for size and shape of plant body, the diploid zygote 
grew into a multicellular thallus identical in form with the haploid 
thallus. In Ulvaceae and Cladophoraceae the capacity for meiosis, 
uriguially present in the zygote, is transmitted through each cell genera- 
tion of the diploid plant. Nuclei in cells of diploid plants usually do not 
divide reductionally until the jdaut is fully mature, but meiosis may 
take place while the diploid plant is still juvenile. Nuclei of all cells of 
the diploid generation may divide meiotically, as in Ulva, or meiosis may 
be restricted to young, actively growing cells at branch tips, as in 
Cladophoja. 

The two alternating generations in a diplohaplonic life cycle may be 
dissimilar instead of identical. One green alga, Urospora, has been 
shown* to be of this type. Here there is an alternation of a filamentous 
many-cellcd haploid generation with a coenocytic diploid generation. 
Urospora seems to have been evolved from a haplontic ancestor. How- 
ever, it is equjilly possible for this diplohaplontic life cycle with dissimilar 
generations to have arisen from a primitive life cycle where there are 
alternating haploid and diploid one-celled phases. 

Evolution in the CMorophyceae. The major sweep in evolution of 
Chlorophyceae Irom a one-celled flagellated condition has been in con- 
struction of the plant body, rather than in an evolution from isogamy to 
o6gamy or an evolution of an alternation of generations. This was first 
recognized wdien Blackman* postulated his theory of vegetative ten- 
dencies. According to this theory, evolution frnTn^'nr^jpip<»llp|nr 
latcd condition took place along three main evolutionary _ Jingp or 
tmdcncles. These are : (I) "tfie volvocine IcnStency in "which the cells 
divTde vegetatively, but in which tEe daughter cells retain their motility 
when organized into a colonyj\2) the tetrasporine tendency in which there 
is a loss of motility, except in reproductive stages, but in which there is a 
development of colonies by vegetative division; (3) the Morocoecine 
(endosporine) tendency in which there is a loss of motility, except^at the 
time of reproduction, and no capacity to divide vegetatively. ’T\> these 
should Ec added (4) the rhizopodal tendency in which there is an evolution 
toward a naked amoclhoid type of organization. 


* Joide, 1983. * Blackman, 1900. 
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Evolution of the gre«a alg»e has been along the first t hree J^the above 
tenancies (Fig. 6). The evolutionary possibilities dong the volvocuie 
line are extremely limited since a coloi^ cannot be dS any appreciable 
i^ie and st^ have ^ the cells motilel There are several motile colonial 
Volvocales, and Voh>ox, the culminaling member of the series, probably 
approaches the limit of evolution along this line. , ' 

Evolution along the chlorococcine line has been in several directions. 
Some of the Chlorococcales show an evolutionary advance from a uni- 
nucleate to a coenocytic condition. Others of them show an evolution 
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® — Diagram showing the suggested interrelationships among the Chlorophyceae 

of the colonial habit resulting from an apposition of zoospores or aplano- 
spores. However, these colonial genera never have an increase in number 
of cells once a colony is formed. The unicellular coenocytic forms with 
limited growth of the coenocyte lead to Hiose in which growth is more or 
less unlimited. From such simple siphonaceous forms, as Protostphon 
(page 95), it is not a great step to the more elaborate Siphonales. The 
Siphonocladiales, an offshoot from the Siphonales> are unicellular coetio^ 
cytes in which the cell has hsoome multicellular by transverse 
septation. 

The evolutionary possibilities along the ^rasporine line ate infinite. 
A tendency for the vegetative cellg to becoiue nonflageUated but tb 

return directly to the motile condition is found in Ae temporary PahfteUu 
stages of many unicellular Volvocales, including ChlQmyd&mmai, It 
is but a small step from them to the truly palmelloid Tetrasporales where 
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the immobile vegetative cell is the dominant phase and where the vegetc^ 
tive cells are only temporarily motile. Protoplasts of Tetraspcnrales 
have a marked tendency to divide into fours and eights and for the 
daughter cells thus fonnhd to become separated from one another by 
a secretion of gelatinous materials. Bestriction of cell division to a 
bipartition and the restriction of all divisions to the same plane would 
result in the filamentous organization characteristic of the Ulotrichales. 
Evolution of the Ulotrichales was accompanied by another feature, a 
loss of the ability of the protoplast to return directly to a motile condi- 
tion ;|and there are no filamentous Chlorophyceae with this feature so 
characteristic of Tetrasporales. j'An appearance of the ability to divide 
both vertically and transversely fe&d to the Ulvales, an order that seems 
to be an offshoot from the Ulotrichales, in which the plant body is a 
sheet, a hollow sac, or a solid cylinder. Other Chlorophyceae evolved 
from the ulotrichaceous type differ in structure of their protoplasts or 
of their spores or gametes rather than in their body construction. In 
one line, the Cladophorales, there was an evolution of a coenocytic 
condition in each cell of the filament. In other lines, s^egated as 
separate orders by systematists, there was an evolution of a distinctive 
type of zooid (Oedogoniales) or an evolution of distinctive aplanogametes 
(Zygnematales). 

The Byrophyta probably originated among the branching filamentous 
ulotrichaeous Chlorophyceae, but the steps in their evolution are wholly 
a matter of conjecture since there is a very long gap between the most 
complex of branching Ulotrichales and the simplest bryophytes. 

’'Classification. Phycologists are in general agreement concerning 
the natural affinities of many groups of genera (variously included in 
the Volvocaceae, Hydrodictyaccae, Ulvaceae, Cladophoraceae, Oedo- 
goniaceae, Zygnemataceae, and Desmidiaceae), but there is great diversity 
of opinion concerning the limits of groups larger than the family. 

The Chlorophyceae are here divided into eleven orders, five of which 
(Volvocales, Ulotrichales, Zygnematales, Chlorococcales, and Siphonales) 
are universally recognized by phycologists. Because the limits between 
the two are obscure, opinion is about equally divided as to whether the 
Totraspor^es should bo a separate order or included with the Volvocales. 
There is also disagreement concerning the limits of the Ulotrichales. 
Some consider the Ulvales a family of the Ulotrichales; others rraoove 
the Chaetophoraceae and certain other families with branching maments 
from the Ulotrichales and place them in a separate order. The ^phOffO* 
cladialea are also controversial, and, as will be noted later (page 122), 
their validity has evefl been questioned. Almost all present-day phycol- 
ogists have abandoned the former practice of placing the Zygnemattdes 
in h special subclass. 
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ORDER 1. VOLVOCALES 

The Volvocales are the only Chlorophyc eae in whidh the v^tativc 
tcUs are and actively |[Qot^o. The cclla may he solitary or 

umted in colonies of definite form and with a definite number of cells. 
Asexual reproduction is by the formation of zoospores or by the forma- 
tion of motile daughter colonies. Most genera reproduce sexually, and 
gametic union ranges from isogamy to oogamy. 

There are more than 50 genera and 325 species of Volvocales. Almost 
all of them are fresh-water in habit, and frequently they develop lux- 
uriantly in waters rich in soluble nitrogenous compounds. 

Most genera have cells that are ovoid, cordiform, or fusiform, but 
some have cells that are compressed or with an irregular outline. Some 
genera ha\ e naked protoplasts, but most of them have cells with a definite 
wall with a cellulose layer next to the protoplast. Frequently there is a 
layer of pectic material external to the cellulose, and in colonial genera 
the individual envelopes may be completely fused with one another to 
form a homogeneous colonial matrix. Walls of a few unicellular genera 
consist of two overlapiiing halves that sepaiate from each other at the 
time of reproduction. 

The general organization of the protoplast throughout the order is 
more or less like that of Chlamydomonas. However, the amount of 
pigmentation in the chloroplast is extiemely \ariable, and there are 
genera in which there is but a trace of chlorophyll or in Avhich there 
is no chlorophyll. The lack of chlorophyll does not exclude such saphro- 
phytic genera from the Volvocales, since othei features of cell structure 
are typical for the order, including the prc'scnce of a pyrenoid and a 
regular formation of starch. 

Asexual reproduction of unicellular genera whose cells are not enclosed 
by a wall is by a longitudinal division into two daughter cells, and 
cleavage may begin at the posteiior or at the anterior end. Unicellular 
genera with a cell wall have a division of the protoplast into two, four, 
or eight daughter cells whic'h are the morphological equivalent of zoo- 
spores Colonial genera may have all or only certain cells dividing And 
redividing to form daughter colonics. 

Sexual reproduction is isogamous, anisogamous, or oogamous. In 
iso- and anisogamous gametic union both of a uniting pair of gametes arc 
usually free-swimming. In oogamous gametic union the egg generally 
remmns within the wall of the cell producing it. 

The Volvocales arc generally divided into five or six families. Of the 
families discussed below, one is representative of*tho8e whose cells are 
solitary; the other is representative of those whose cells arc uni^d in 
colonies. 
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FAIQLY 1. CHLAMTDOMONADACEAB 

The Chlamydoinonadaceae include all of the unicellular Volvocales 
with a definite wall except thobe with a wall co mpp^ e^ of t w o oveiv 
lapping halves or those with a protoplast containing numerous contniiCtaJfi 
vacuoles. The cells may be bi- or g uadriflagel late. Asexual reproduc- 
tion is by a division into zoospores that secrete a wall of their own and 
developflagella before liberation by rupture or gelatinization of the 
parent-cell wall Gametic union is usually isogamous, but a few species 
are anisogamous and one^ ib known to be oogamou s. 



Fior 7 — A B ( hlamydomonas Snowtae Prmtz A , veKetati ve colls. gamete forma- 
tion r, PalmtUa stage of 'll! undetermined Ohlamydomonas species (X 1000 ) 

The family contain® about 27 genera and 250 species, almost all of 
them fresh-water 

Cfdamydomona’i, with some 150 species, is a widely distributed fresh- 
water organism in standing water and on moist soil. It often grows in 
abundance in water rich in ammonium compounds, as pools in barnyards. 

The cells (Fig 7A) arc biflagellate and spherical, ellipsoidal, cti 1> 
cylindrical, or pyriform. The two flagella are anterior in insertion, fairly 
close together, and the contour of the cell may or may not be distinctly 
papillate in the region bearing the flagella. . There is always a definite 
cellulose wall, and some species have a gelatinous sheath external to the 
cellulose layer. Most species have a single cup-shaped chloroplast. 
Chloroplasts of this type may be massive and occupy most of the proto- 
plast, or the flanks of the cup may be relatively thin. Other species have 
clfloroplasts that are either laminate, stellate, or H-s haped in optical 
s^^on.^ Chloroplastskof most species contain a single pyrenoid, but 
those of certain species contain twopyrenoids, several parietal p 3 n%noids, 

' Pascher, 1027. 


* Paseher, 1031. 
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or no psrrenoids at all. Typically there are two contractile near 

the base of the flagella, but the number and position of vacuoles arc not 
constant for the genus. The shape and position of the eycspot are fairly 
constant for any given species, but, taking the genus as a whole, the eye- 
spot may lie anywhere between insertion of the flagella and the lower t^rd ^ 
of a_.cdl. It may be circular, oval, or sublinear in_outline. Airspccies 

uninucleate. Species with a cup-shaped chloroplast have the pucleus 
IJring in the colorless cytoplasm filling the cup; other species may have the 
nucleus axial and midway between the two poles, or axially excentric. 

■“Asexual reproduction is by division of the protoplast into two, four, 
or eight daughter protoplasts that secrete a wall and develop flagella 
before liberation from the parent-cell wall. The number of daughter 
cells, the morphological equivalent of zoospores, is partially dependent 
upon the physiological condition of the parent cell. Colls growing under 
favorable conditions usually form a larger number of daughter cells than 
do those whose environment is less favorable. Dividing cells are usually 
immobile, but their flagella may not be retracted or discarded. Repro- 
duction begins with a longitudinal division of the protoplast into two 
daughter protoplasts; this is usually followed by a simultaneous division 
of each daughter protoplast and .sometimes by a third serie-s of divisions. 
After division has been completed, each daughter protoplast secretes a 
wall of its own and develops a neurojnaqljpr apparatus that forms two 
flagella (page 16). Daughter cells are liberated by a gelatinization or by 
a rupture of the parent-cell wall. In r are case s^ the protoplast of a 
vegetative cell may round up and develop info an aplanospore. 

Under certain conditions, as when growing on damp soil, the daughter 
cells do not develop flagella and become motile Tmt remain embedded 
within a matrix formed by gelatinization of 1 he parent-cell wall . Division 
and redivision of the daughter cells may produce an amorphous colony 7 
with hundreds or thousands of cells, all embedded within a common 
gelatinous matrix. Such PcHmella stages (Fig. 7C), so-called because the 
older phycologists thought them to be species of PalmeUa, may have the 
cells developing flagella and swimming away. Cells of terrestrial P<dmeUa 
stages frequently do this when flooded, and it is not nnusiial to find all 
cells of a colony swrimmin| freely in all directions a few minutes after 
flooding. Sometimes cells of Palmella stages develop into thick-walled 
akinetes (hypnospores). 

At the time of sexual reproduction the protoplast of a cell divides into 
8, 16, or 32 biflagellate gametes (Fig. 7B). The gametes may be naked 
or surrounded by a wall. In the latter case the walls may be left behind 
as the gametes fuse in pairs,* or they may be ifttained.* Some species 


* Wille, 1903 


* KlebB, 1806: Paseber, 1916. ' Moewus, 1033. 
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are homothallic. Others are heterothallic/ and certain of them have been 
shoWM* to have a genotypic differentiation of sex at the time of ^gote 
^^rmination. A fusing pair of gametes (Fig. 8A-B) are usually of equal 
siw, 'But anisogamy has been reported* for a couple of species. Both 
gametes may be actively motile at the time of gametic union, or one may 
be motile and the other immobile. In the latter case there may be a 
dumping of many motile gametes about a single ismnobile one^'* The 
flagella may disappear durmg gametic union, or they may persist (Fig. 



Fki 8 ^Chlamydomona^ sp A gainete*^ B gametic union C D, young sygotes. 

E, mature zygote F, germination of z>gote (All diagrammatic ) (X 1,000 ) 

8C), and the quadriflagellate zygote may remain motile for as many as 
15 days® before coming to rest and secreting a ^all 

A resting zygote has a thick wall that often has a stellate or a reticulate 
ornamentation (Fig. 8J?;. Many ripening zygotes have haematochromc 
masking the chlorophyll and also a conversion of the reserve starch into 
fats. Prior to germination there is a reduction division of the zygote 
nucleus.® Typically, four nuclei are formed as a result of nieiosis, but the 
number may be smaller because of nuclear degeneration after the first or 
the second division, Meiosis is followed by a cleavage into uninucleate 
protoplasts and a metamorphosis of them into bifiagellate zoospores that 
are liberated by a rupture of the zygote wall (Fig 8F) 

FAMILY 2. VOLVOCACEAE 

The Volvoeaeeae include all the motile genera in which the cells 
lie in a disk or a ^hollow sphere and not in^perimposed tiers. The 
number o£ cells in a colony is definit^^* multiple of two, and there 
is no increase in number of cells after the juvenile phases of development. 
In asexual reproduction all or certain cells of a colony divide simul- 
taneously to form cUji^ghter colonies. Sexual reproduction is isogamous, 

» Moewus, 1933, 1936; Strehlow, 1929. » Moewus, 1933, 1936. 

* Gorosebankin, 1890, 1905. * Moewus, 1933; Pascher, 1931 A. 

• Strehlow, 1929. • Moewus, 1936. 
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anisogamous, or oogamous. All or only certain cells of a colony may be 
gametogenic. 

The family includes some 8 genera and 25 species, all of them fresh- 
water. 

Vegetative cells are always biflagellate and almost always with a 
structure similar to that of Chlamydomonas. Cells of all genera have a 
gelatinous sheath, and the abutting sheaths may be distinct from one 
another or confluent to fonn a homogeneous colonial matrix. One 
genus (Volvox) has fairly conspicuous cytoplasmic strands connecting the 
cells one to another. Other gcniera have no visible strands, but the 
behavior of severed fragments of colonics furnishes indirect evidence 
that the cells arc in cytoplasmic connection.' 

All colonies arc coenobia, that is, colonies with a definite number of 
\ cells arranged in a specific manner. Coenobia of most genera exhibit a 
definite polarity when s^\imming through the water, one pole of the 
globose or ellipsoidal colony always being din^cted forward. There 
may also be an evident mori)hological anterior-posterior differential ion, 
either in size of eyespots of cells at oi)p(»^ite polos of the cocnobium 
or in outline of the colonial envelope. In certain advanced genera 
all cells toward the anterior pole arc vegetative and reproductive cells 
lie toward the posterior pole. 

Daughter coenobia are always formed by repealed division of a 
single cell and according to a definite s(*qucnce (Fig. 12). All divisions 
are longitudinal, and all c(*lls of each cell generation di\ ide simultaneously. 
The four cells of the second cell generation are quadrately disposed; 
the eight* of the third generation are cruciately disposed and with a 
tendency to form a curved plate or plakea. In all but one genus, the 
plakea becomes a hollow sphen* with a small opening, the yhialopore^ 
at what will eventually become the posterior pole of the colony. Some 
genera, as Pandorina, stop dividing at or before the 32-celled stage; 
other genera, as Eudorina, do not develop bc»yond the 64-cclle(l stage. 
In one genus {Volvox) division continues until there are thousands of 
cells. Until fairly late in development of a daughter cocnobium, th(‘ 
nucleus in each cell lies tow'ard the inner face of the colony; later stages 
have the nuclei toward the outer face of each cell. This change in posi- 
tion is due to the colony turning itself inside out (inverting) through the 
phialopore during later stages of development. 

■ The three genera described below illustrate the three major evolu- 
tionary tendencies among the Volvocaccac. These are: (1) an increase 
in number of cells in the colony; (2) an advance from a condition where 
all cells are reproductive to one whc're only certain of them are reproduc- 
tive; and (Sykn advance from isogamy to anisogamy to oogamy. 

' Bock, 1926. 
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Pandorina, with three species, is widespread but rarely found in 
abundance. The colonies are subspherical to ellipsoidal and have 4, 
8, 16, or 32 biflagellate cells embedded within a homogeneous gelatinous 
matrijc (Fig 9-4). There may also be an outer colonial sheath of a 
more watery consistency. The cells are arranged in a hollow sphere 
within the colonial envelope and arc generally so close together that 
they are laterally flattened by mutual compression, but in one species' 
they are not in lateral contact with one another Laterally abutting 
cells are pyriform and have the two flagella and the eyespot borne on 
the broad anterior end There are always two contractile vacuoles 



Flu 0 Pandoiina morum Horv A ^cgeiitno colony 5, colony of female gametes 
r.milcgimote I) fmult g iinotc UF gimctic union G, motile z> goto (X660) 


at the base of tlie flagella The chloroiflast is massive and cup-shaped; 
it may have a smooth outer face and contain a single pyrenoid, or its 
outer face may be longitudinally ndged and it may contain several 
pyrciioids. 

At the time of asexual reproduction theie is usually a simultaneous 
division of cadi (cll of the coenobium into a daughter cocn obiugi- > Just 
before icpro<hi< tion a colony cc.vscs movement, it biiiks to the 

bottom of the pool, and the colonial envelojK' becomes more watery and 
swells. The firs! thiec loiigituduial divisions of a cell produce a typical 
eight-celled plakca nith four of the cells cruciately arranged.* Simul- 
taneous longitudinal division usually continues until there are 16 or 32 
cells. Inversion of a developing coenobium has not been recorded for 
Pandorina, but theie is a strong presumption that a young coenobium 
inverts. The nevly lonned daughter colonies escape by swimming 
directly thiough the gelatinized envelope of the parent colony. 

Divisions leading to the formation of biflagellate gametes are identical 
with those in asexual reproduction However, the group of daughter 

* Smith, G M , 1931 • Chodat, 1894; Dangeard, 1900 
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cells destined to function as gametes are arranged in a Etidonnorlike 
manner and are surrounded by a broad watery sheath (Fig, 9fi). The 
group of cells sTOm about through the water as a colony-like unit, but 
sooner or later the individual cells (the gametes) escape from the common 
gelatinous matrix and swim about singly. ^ The fusiujg biflagellate 
gametes are always unequal in size and the larger, the female, may be 
more sluggish than the male (Pig. 9C-f7). ^"Fusion may be lateral or 
terminal. The quadriflagcllate zygote remains motile for a very short 
time; then it loses its flagella and secretes a wall Old zygotes have a 
smooth thick w'all and a protoplast colored red by hacmatochrome. 



Fig 10 — 4t Eudoi%na umcocca G M i^mith B female colony of E efr-gana Ehr m 
which there are male gametes swimming within the colonial envelop (A, X 435, B, 
X 235) 

When a zygote germinates,^ the contents are extruded in a vesiele, and the 
irregularly green and orange protoplast soon de\elops two flagella and 
swdms away as a single zoospore Sometimes a germinating zygote 
produces two or three zoospores. After sw«iimmg for a time, a zoospore 
retracts its flagella, secretes a broad gelatinous envelope, and divides and 
redivides to form a typical ( olony 

Eudonnaj with four or five species, is widespread in fresh water and is 
sometimes present in abundance in small puddles. Its colonies are 
sphej-ieal or obovoid and have* a homogeneous colonial envelope that may 
have mainillate projections at the postenor pole.® The 16, 32, or 64 cells 
in a colony lie some distance from one another and toward the periphery 
of the colonial envelope. Frequently the coHs are in distinct transverse 
tiers (Fig. lOA). If the colonies arc 32-celled, the anterior and posterior 
tiers contain four cells each and the three median tiers eight cells each.* 
The individual cells are spherical, and all are of approximately the same 

‘ Prmgsheim, 1870; Sriuth, G M , 1933; Moyer, K. T , 1935. 

* Prmgsheim, 1870 ^ Smith, G M , 1931 

* Chodat. 1902; Coprad, 1913; Hartmann, 1921; Smith, O M , 1931 
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size. The length of the flagella is two to four times the diameter of a 
mature cell, and the cells may be with or without a conical elevation where 
the flagella are inserted. There arc two contractile vacuoles at the base 
of the flagella. The single eyespot lies at the anterior end of a cell. 
Certain species have a progressive diminution in size of eyespots from 
anterior to posterior cells of a colony, and eyespots may even be lacking 
in the lowermost tier of celU. The chloroplast is cup-shaped and massive 
and, according to the species,* contains one or several pyrenoids. The 
cells are connected to one another by very delicate cytoplasmic strands.^ 

At the time of asexual reproduction all colls of a colony usually divide 
to form daughter colonies, l)ut occasionally one or more cells fail to 
divide. The sequeiu'c of division is in the manner typical of Volvocaceae, 
and Endorina has been shown’ to have an inversion of the plakca. The 
newly formed daughter colonies escape by swimming directly through the 
gelatinized envelope of the paient colony. 

A vegetative colony may become an amorphous palmelloid mass. 
J^evelopment of such Palmdla stages is due to gradual desiccation, and 
within a few' minutes after reflooding the palmelloid cells develop flagella 
and escape as solitary zooids.'* A free-swimming zooid may develop 
into a typical colony the night after liberation. Instead of developing 
into a Palmdla stage, a colony may have its cells losing their flagella and 
developing into akinetcws.'^ 

v/thc anisogamous sexual reproduction of Eudorina shows a very close 
approach to oogamy in that the female gametes are not free-swimming 
and in that the gametes an* dissimilar in size and shape. Certain specie® 
are heterotlmllic.® Other species are homothallic^ and usually have the 
four airterior cells di\iding to form male gametes and the remaining cells 
functioning as female gameti*s. Dhisiuns forming the male gametes are 
according to the same secpiencc as in asexual reproduction and usually 
continue imtil there are 64 spiudle-shapt'd biflagellatc male gametes 
arranged in a flat or curved plakea. Hcterothallic species have the 
packets of male gametes escaping from the old colonial matrix, swimming 
about as a unit through the water, and dissociating into individual 
gametes when the packet comes near a female colony. \'egetative cells 
of female colonies function directlj" as female gametes, and there is no 
evident change other than a swelling of the gelatinous colonial matrix. 

The male gam(»tes sw'im directly into the colonial matrix of a female 
coloiiy and there fuse with the female gametes (Fig. lOB). The zygotes 
remain within the female colony until liberated by decay of the colonial 

‘Smith, G. M., 1931. ^ ® Book, 1926; Conrad, 1913. » Hartmann, 1924. 

^ Schreihcr, 1925. • Pasohor, 1927. 

• Goohol, 1882; Goioschankin, 1875; Schreiber, 1925; Smith, G. M., 1931, 

^ Carter, H. J., 1858; Iyengar, 1933; Meyer, K. I., 1936. 
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envelope. A mature zygote has a smooth wall and a protoplast deeply 
colored with haematochrome. The first step in its germination is a 
swelling of the wall and a formation of a sac-like extension at one side.' 
Usually the vesicle contains one reddish zoospore and two or three small 
hyaline bodies which are probably degenerate zoospores. A zoospore 
swims about for a time after liberation from the vesicle and then, in the 
same manner as a vegetative cell, divides and redivide.^ to form a colony. 


Volvox, with a dozen or more species, is found in both temporary and 
permanent fresh-water pools. Sometimes it is present in sufficient 



abundance to color the water green. It usually appears in the spring, 
increases in abundance, and then disui)pears abruptly® early in the 
summer. During the remainder of the year, it is in a resting zygote stage 

The colonies are spherical to ovoid and with 500 to 40,000 cells that 
lie in a .single layer within the periphery of the colonial matrix (Fig. 11). 
Each cell is surrounded by a gelatinous sheath of its ow'n, and sheaths of 
cells may be confluent or di.<jtinct from one another. In the latter case 
they are angular by mutual compression and \isually h(‘x.'igonal. The 
central portion of a colony may contain gelatinous material of a more 
watery consistency, or it may contaui water only.’ Some species have 
ovoid to ellipsoidal cells; others have pyramidal cells with the broad base 
facing the interior of the colony. A majority of species have the cells 
joined to one another by conspicuous or delicate cytoplasmic strands, and 

‘ Otrokov, 1876; Srhrpihor, 192.5. * Pocock, 1933; Smith, G. M., 1917. 

• Janet, 1912, 1922; T.Ander, 1929; Meyor, A., 1896. 
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these connections are established during the course of cell divisions pro- 
ducing the colony.^ 

Most of the cells of a colony are vegetative in function and are 
incapable of giving rise to new colonies or to gametes. A vegetative cell 
has two flagella at its anterior end and cither two contractile vacuoles 
near the base of the two flagella or two to five contractile vacuoles irregu- 
larly distributed throughout the anterior end. There is a cup-shaped or 
laminate chloroplast and usually only one pyrenoid within a chloroplast. 
The nucleus is centrally located and is connected with the flagella by a 
neuromotor apparatus of the blepharoplast-rhizoplast-centriole type.* 
Each vegetative cell has a single eyespot toward its outer face, and those of 
cells toward the anterior j)ole of a colony arc somewhat larger than those 
of cells toward the posterior pole. 

Young colonies have all cells alike in size. As a colony grows older, 
certain cells in the posterior half increase to ten or more times the diame- 
ter of vegetative cells and develop numerous pyrenoids within their 
chloroplasts. These enlarged cells are reproductive cells, and their 
reproduction majr be sexual or asexual. All reproductive cells of a colony 
are asexual in nature or all are &(‘xual. Reproduction is exclusively 
asexual at the beginning of the growing season and e.xclu&ively sexual at 
the end of the s(‘ason. 

Colonies reproducing asexually have 6 to 20 reproductive cells, and 
each of thcmi produces a daughter coenobium. Development begins with 
a longitudinal di\ision, and all succeeding divisions are longitudinal and 
simultaneous (^Fig. 12). Tin* 8-celled stage is the u^ual cruciate plakoa, 
and the 16-celled stage is a hollow sphere with a phialopore at the outer 
pole. Simultaneous division continues for several cell generations.® In 
the largest known species (F. Rousdeiii G. S. West) there are 14-, 15-, 
or 16-cell generations beyond the two-celled stage.^ Theoretically this 
w^ould produce colonies with 16,381 (2^^^), 32,768 (2^^), or 65,536 (2^®) 
cells, but this number is not attained because some cells of the last few 
cell generations fail to divide. When cell division ceases, the young 
colony turns itself inside out (Fig. 12G) by invaginating (inverting) 
through the phialopore.® This process may be compared to turning a 
glove inside out. Inversion is accomplished in from three to five hours.® 
Flagella arc developed shortly after inv ersion, and the daughter colony 
then revolves slowly within the greatly enlarged old parent-cell wall. 
Some species have an escape of daughter colonies through a pote in the 
outer face of the parent-cell wall.* Other species seem to fail to develop 
such a pore but retain their daughter colonies within the parent colony 

1 Janet, 1912; Meyer, A., 1896; Pocock, 1933A. * Zimmermaim, 1921. 

• Janet, 1923. ® Pocock, 1933A. 

6 Kuschakewitsch, 1931; Lander, 1929; Pocock, 1933, 1933A; Powers, 1908. 
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until the latter dissociates or ruptures. Such species may have the 
imprisoned daughter colonies also forming daughter colonics before they 
are liberated, 

'^Sexual reproduction is oogamous and may be homothallio or betero- 
thallic. Reproductive cells destined to develop into sex organs lie in the 
posterior half of a colony, and their number varies from a dozen to several 




Fio 12 — Diagrams showing stages m development of a daughter colony of Votvox 
A-E, one-, two- four-, eight-, and sixteen-cellcd stages F, just liefore inversion. O, 
inversion /f, after inversion. 

hundred. The male sex organs (the anthendta) differ from aiitheridia of 
other oogamous Chlorophyceac in that the male gametes (antherozotds) 
may be liberated in a definitely organized colony-like mass instead of 
individually Division of the protoplast of an antheridium is by a 
succesfflve bipartition and arcording to the sameesequence as in asexual 
reproduction (Fig ISA) Some species have division stopping at the 64- 
or the 128-celled stage. In these species the entire mass of fusiform 
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biflagellatc antherozoids is liberated as a plate-like colony that swims 
abbut as a unit until it approaches the vieini{y of an. egg Other species*^ 
have bipartition of the anthoridial protoplast continuing beyond the 
128-celled stage, and the antherozoids are arranged in a hollow sphere 
that inverts in the same manner as an asexual colony Antherozoids of 
these species are liberated singly and gradually from an antheridium. 

Oogonia resemble asexual repioduetue eelK; and in each of them the 
protoplast metamorphoses into a single sphern al iioiiflagcUated egg (Fig. 



Fig 13 — Vohox sp A portion of \ mal<» (olon^ shoiiiing dp\ elopment of anthpndia 
B, portion of a female (olon> bho\ring ^oung egg fertili/aiion and a ripe z>gote (Both 
figures diagrammatic ) (XI 31)0 ) 


13B). When fertilization takes place, the iiulnidual antheiozoids swim 
through the oogonial wall and mo\e slowl> about within the oogonium 
Unfertilized eggs may de\elop into partheuospoies with a structuie 
similar to that of zygotes 2 

The zygote secretes a smooth or stellate, three-layered wall and 
develops sufficient hacmatochrome to color the protoplast an orange-red: 
The zygotes aie retained in the parent colony until the latter decays or 
disintegrates. Then they fall to the bottom of the pool, where they may 
ripen, for Boveial months before germinating They remain \nable for 
several yeais and germination may be long dela 5 "ed if conditions are 
unfavorable^ Genniifation is prec(»ded hy a reduction dnibion of the 
zygote nucleus.* At the time of gcimination there is a ««plitting of the 

1 Pocock, 1933, 1933i4 * Mairix, 1929 * Pocork, 1933A 
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outer zygote wp.ll layer ^the exospore) and an expulsion of the protoplast 
still surrounded by the two inner wall layers.^ The median wall layer 
(mesospore) then splits, and the delicate inner wall layer (cfidospore) 
protrudes to form a vesicle into which the protoplast migrates. In 
V. aureus Ehr. there is^ a direct development of the protoplast into a 
colony by the same sequence of plakeal stages as in asexual reproduction. 
In V. capensis Rich and Pocock the protoplast develops into a large 
biflagellatc zoospore that escapes from the vesicle.^ The free-swimming 
zoospore begins to form a colofiy while it is still actively motile, and the 
flagella do not disappear until several successive divisions have taken 
place. 


ORDER 2. TETRASPORALES 

The Tetrasporales have immobile vegetative cells which may tempo- 
rarily metamorphose into a flagellated motile stage. Most genera have 
the cells united in nonfilameiitous colonies that are either amorphous or 
of a definite shape. A few genera have solitary cc'lls. Asexual reproduc- 
tion is by means of zoospores, aplanospores, or akiiietos. Sexual repro- 
duction is isogamous and by the fusion of biflagellatc^ gametes. 

The order includes approximately 36 genera and 1 00 ^ix'cies, almost 
all of them fresh-water in habit. 

Typical Tetrasporales may be looked upon as unicellular Volvocalos 
in which the cells are usually in an immobile palmelloid condition and 
only temporarily revert to a motile condition. The more or less perma- 
nently palmelloid vegetative cells of certain genera^ ha\o such chlamydo- 
monad characters as eyespots, contractile vacuoles, and flagella or 
flagella-like structures. 

Many phycologists hold that these gcuiera are too closely redated to the 
chlamydomonad type to warrant segregation from the Volvoeales. They 
assign them and all other tc'trasporaceous algae to the Volvoeales and do 
not recognize the Tetrasporales as a distinc t order. However, those who 
favor this practice admit that the immobility of these ])rimitively organ- 
ized cells is a step in advance of the temporary immol)ility found in 
Palmella stages of Chlamydomonadaceae. The tedrasporaceous Chloro- 
phyceae are divided into three^ or into four® families. 

Tetraspora is a fresh-water genus with about 20 species. Its cells arc 
spherical to ellipsoidal and united in many-celled colonies by a homo- 
geneous gelatinous matrix. There is a certain tendency for the cells to 
lie in groups of two or four within thc‘ matrix, but ip many coloniqs they 
are irregularly scattered. Eully developed colonics of Tetraspora are 

1 Pocock, 1933A. » Kirchner, 1883. 

* Korshikov, 1926; Lambert, 1930; Pasc^her, 1927. 

< Fritsch, 1935. » Smith, G. M., 1933. 
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usually several centimeters in diameter (Fig, The colonial 

matrix of most species is of so watery a consistency that the colony breaks 
m pieces when one attempts to lift it from the water, but in certain species, 
as T. cyhndnca (Wahlb ) C A Ag , the matrix is tough and firm 

The colls' he toward the penphery of the colonial envelope, and 
the face toward the exterior of the colony bears two long, immobile, 
flexible cytoplasmic processes (pseudociha), which may extend only to the 



Fio 14 —A colony of I (traspora cyhndnca (\\ ihlh ) C \ ‘ B (oloitvot T Inhrtca 
(Roth) Ag i portion of folon\ of I cuhmbica DO F gdalino^a (\ auth ) Des\ 
/), \pgetati\o ctlls iMth pt>eu<looihi E gimetes F motile lygoto G, oltl zygote 
(A B, C , X 163. A X UOO E G X 650) 

surface of the colonial em elope or may extend beyond it (.Fig 14C) All 
^l>eclc•^ have pscnidocilia, but they are not always evident in all colonies 
of a species Witliin the cell are a nucleus and a massive cup-shaped 
chloroplast containing a single pyrenoid Cells of old colonies often have 
the ehloroplasts so densely packed with starch that the structure of the 
chloioplast is obscuied. 

Growth of a colony is by the cells dividing into two or four difaghter 
cells. Cytokinesis in cells of Tetraffpora is by means of a cell plate 
developed on the mitotic spindle.* The old parent-cell wall gelatinizes to 
form a special envelope about the group of daughter cells (Ilg, 14D). 
The envelope is quite distinct immediately aft(‘r cell division, but it 

‘ Klyver, 1929; SihrCder, 1902 • McAllister, 1913 * 
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gradually merges with the colonial matrix as the daughter cells increase 
in size and become more jj^ote from one another. Colonies may grow 
to over a meter in length, but they usually become broken in smaller 
pieces before they attain such a size. At any time in the development of 
a colony, all or certain of the cells may be metamorphosed into biflagellate 
zoospores. The zoospores escape from the colonial matrix and swim 
about for a^ short time: then they withdraw their flagella, secrete a 
gelatinous envelope, and develop into new colonies by vegetative cell 
division. Vegetative cells may also develop into thick-walled akinetes 
(hypnosppres) with brown sculptured walls. Germinating hypnospores 
have^ an amoeboid liberation of the protopl^t, and it may remain 
amoeboid through several cell generations before assuming the usual 
shape and structure of a vegetative cell. 

Sexual reproduction is by the fusion of biflagellate gametes. Certain 
species are heterothallic.* The protopla.st of a cell divides to fomr four 
or eight zoogametes that escape from the colonial matrix. Gametes differ 
from zoospores in that they have a more pronounced pyriform shape, a 
more distinctly cup-shaped clilproplast, and an eyespot at the anterior end 
(Fig. lAE-G). They become apposed in pairs at their anterior ends and 
fuse laterally.* The zygote swarms for a short time after its formation 
but eventually comes to rest, secretes a wall, and grows to twice its 
original diameter. When it germinates, the protoplast divides to form 
four or eight aplanospores which lie within a common matrix formed by 
gelatinization of the old zygote wall. The vegetative colls formed by 
germination of these aplanospores remain w'itliiu the common matrix and 
so constitute a compound colony.* 

• ORDER 3. UI^OTRICHALES 

The Ulotrichales have uninucleate cells (with the exception of old cells 
of certain genera) and usually a single parietal laminate chloroplast. The 
cells are united end to end in simple or branched filaments. Certain 
branching filamentous genera have their branches apposed in a pseudo- 
parenchymatous ma.ss or are reduced to an irregularly shaped few-celled 
structure. In one genus {Protococcus) the filament is reduced to a single 
cell. The usual method of asexual reproduction is a fonnation of bi- or 
' quadriflagellate zoospores, but aplanospores and akinetes are not at all 
uncommon." Gametic union Ls found in many genera of the order and 
may be isogamous, anisogamous, or obgamous. 

There are about 80 genera and 430 sijecies. Most of the genera are 
exclusively fresh-water,* but a few have some m&iine species and a few 

others are exclusively marine. 

) 

> Pascher, 1015. • Geitler, 1031. * Klyver, 1020. 
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The branching characteristic of a majority of the genera represents 
a more advanced condition than does the simple filament. Ulotrichales 
with a branching tjiallus often have it differentiated into a prostrate 
and an erect portion. Because of this the branching genera have 
been thought^ to have an organi/ation fundamentally different from 
ynbrgjtehed filamentous genera and have been placed in a distinct order. 
'*'xhe Ulotrichales appear to have been evolved directly from the Tetra- 
sporales. Evolution of a tetra.sporaceous type of plant body into a ulotri- 
chaeeous filamentous type might have been due to a limiting of cell 
division to one plane only and an accompanying failure to develop 
gelatinous material between the daughter cells. Certain Tetrasporales 
have a tendency toward a filamentous organization in that most of the 
cell divisions are in the same plane * Some of the Ulotrichales appear to 
be so closely related to the Tetrasporales that they have not lost the 
capacity for secreting gelatinous material between the daughter colls. 
Howovor, it is much more probable that these Ulotrichales are ones that 
have reverted to a permanently filamentous Palmella stage. The frequent 
occurrence of PalmcUa stages among primitive families of the order 
(Ulotrichaceae, Chaetophoraceae) as contrasted with their rare'occurrence 
among advanced families (Coleochaetaceae, Trentepohliaceae) is good 
evidence that 'the Ulotrichales have been derived from ancestors with a 
palmelloid organization. 

It is very probable that the Ulotrichales are haplontic and with 
a multicellular haploid generation alternating with a one-celled diploid 
phase. Thi.s has been demonstrated for two genera (JJlothrix, Coleochaele) , 
and it seems also to be true of several other genera known to have a 
production of four zoospores by the germinating zygote. 

The .seven families of the order are primarily distinguishable from one 
another on the basis of vegetative structure (especially organization of the 
filament), wall structure, and chloroplast structure. 

FAMILY 1. UnOTBICIIACE.lB 

The Ulotrichaceae include all the unbranched filamentous genera in 
which the colls arc uninucleate and have a single parietal girdle-shaped 
chloroplast. T'he cell walls are homogeneous and are not composed of 
overlapping pieces. Almost all genera are known to produce bi- or 
quadriflagellatc zoospores. Asexual reproduction by means 'of ^aplano- 
spores or akinetes is also not infrequent. Sexual reproduction is known 
for but few genera, and all cases thas far recorded are isogamous and have 
a fusion of motile ganjptes. 

There are about 15 genera and 110 species, almost all of them fresh- 
>^ater. 

« ■ Fritsoh, 1916, 1935; West and Pritsch, 1927. * Smith, G. M., 1933, 
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Ulothrix, with about 30 species, has a large majority of its species 
growing in fresh water. Some species, especially U. zonata (Weber and 
Mohr) Kutz., are distinctly cold-water plants; appeybiing in early spring, 
disappearing during the summer, and then reappearing in the fall. The 
cells of Ulothrix are united end to end in unbranched filaments of indefi- 
nite length (Fig. 15A). All cells but th^rhizoidal basal one may divide 
vegetatively or may produce zooids. The cell walls may be thick or 
thin and homogeneous or stratified. A few species have broad gelatinous 
sheaths about the filaments, but in most species a sheath is not evident. 
The cells are always uninucleate and with a single girdle-shaped chloro- 



C E F 


Fig. 15. — Ulothrix zonata (Wober and Mohr) Kufz A, vegetative cells B, formation of 
zoospores C, zoospore />, g imetes. E F, gctmetic union (7, zygote. ( X 1000 ) 

plast that partially or completely encircles the protoplast. According 
to the species, the chloropla.st extends the whole length of a cell or only 
a part of its length, and contains one-or several pyrenoids. 

Vegetative multiplication may be due to an accidental breaking of a 
filament or, in very rare cases, ‘ to its dissociation into many fragments 
with a few cells each. 

All cells but the holdfast may produce zopspores, but those in the 
. distal xiortion of a filament usually produce them in advance of those 
in the lower portion. Species with narrm^ cells produce 1, 2, or 4 
zoosx>ores per cell; those with broad cells produce 2, 4, 8, 16, or 32 zoo- 
sxwres in each cell (Fig. 15B). The protoplast of a cell about to produca 
zoosi>orc8 contracts slightly and becomes filled tvith reserve food material. 
If more than one zoosiwre is to be produced, the nucleus divides and the 
protoplast cleaves in a plane at right angles to the long axis of the filament. 
The nucleus in each daughter protoplast may ala<^divide and both proto- 
plasts cleave in a plane perpendicular to that of the first cleavage.^ 
Simultaneous bipartition may continue until there are 32 daughter 

> Gross, 1931; Lmd, 1932 * Cholnoky, 1932; Gross, 1931; Lind, 1932. 
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protoplasts. When cleavage ceases, each of the daughter protoplasts is 
metamorphosed into a quadrifiagellate zoospore with a conspicuous eye- 
spot (Fig. 15C). The zoospores are liberated through a pore in the side 
of the parent-cell wall. The spore mass is usually surrounded by a thin 
vesicle when first extruded, but this disappears within a minute or two. 
All zoospores from a filament of a narrow-celled species are alike in size. 
Filaments of broad-celled species, as U. zonata, produce quadrifiagellate 
macro- and microzoospores that differ from each other in size, position 
of eyespot, and length of swarming period.^ Zoospores which are not 
discharged from a parent cell may each secrete a wall and become thin- 
walled aplanosporcs. Many of these aplanospores germinate before they 
arc liberated from the parent-cell wall.^ I’he protoplast of a vegetative 
cell niay also round up to form a single large thick-walled aplanospore.® 
*^ametos (Fig. IQD-F) are formed in the same manner as zoospores, 
but the number formed is 8, 16, 32, or 64.^ They are biflagellate, all 
of the same siz<', pyriform, and with an eyespot. They fuse in pairs with 
one another, but fusion only takes place between gametes coming frpiyi 
different filaments.® There is no parthenogen^tic development of 
gametes into vegetative filaments.® The zygote (Fig. 16G) remains 
tnotile for a short time and then comes to rest, secretes a thick lamellated 
w'all, and enters upon a resting period during which there is a considerable 
accumulation of reser\'^o food. The first division of a zygote nucleus is 
reductional.® The t)roioplast of a germinating zygote divides into 4 to 
14 (16?) daughter protoplasts which develop into aplanospores^ or into 
zoospores. 2 


FAMILY 2. MICKObPORACE^E 

The Microhporaceae have an unbranebed filament in which the cells 
contain a single variously lobed chloro])last. The wrall of a cell consists 
of two pieces that are H-shaped in optical section. 

The single genus Microspora has about 14 species. They are all 
fresh- water, grow in pools and ditches, and are most abundant during 
early spring. 

Th(' walls of a filament are a linear file of segments that are H-shaped 
in opti<;al section. The segments are so articulate that each protoplast 
is enclosed by the conjoined halves of two successive H-pieces (Fig. 16A). 
The H-picces are heavily impregnated with cellulose® and sometimescare 
distinctly stratified. Internal to the H-pieces is a very thin layer of 

1 Klebs, 1896; Paschcr, 1907. * Dodel, 1876. » West, G. S., 1916. 

* Dodel, 1876; Gross, 19fl; Klebs, 1896; Lind, 1932; Pascher, 1907; West, Q. S., 
1916. 

® Cholnoky, 1932; Gross, 1931; Lind, 1932 ® Gross, 1931. 

’ J0r8tad, 1919; Klebs, 1896. • Tiffany, 1924, 
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cellulose completely encircling the protoplast.' At the time of cell 
division there is a development of a thin layer of cellulose about each 
daughter protoplast and an intercalation of a short H-shaped piece of 
wall material between the two. This new H-piece gradually lengthens 
as the two H-pieces that formerly enclosed the parent cell pull apart from 
each other. 

The cells arc uninucleate and generally with the nucleus lying in a 
bridge of cytoplasm across the middle of the central vacuole. There 



Fig. 16 . — Microtpora WilUana Wiltr. A, \ 0 Ketati\e cells. B, liberation of zoospore. 

r, aplunosporcs ( X 000 ) 


is usually so muoh reserve starch in a coll that but little can be made out 
concerning structure of the chloroplast. In young, vigorously growing 
cells, the chloroplast is an irregularly expanded, perforate or reticulate 
sheet covering both tlie sides and ends of the protoplast. Pyrenoids are 
lacking in chloroplasts of Mterospora^ 

Asexual reiiroduetion is by the formation of 1, 2, 4, 8, or 16 zoospores 
within a cell. When more than one zoospore is formed, there is a biparti- 
tion of the protoplast after each mitosis.'* The zoospon'S may be liber- 
ated by a disaiticulation <jf the H-pieces of the wall of the parent cell 
(Fig. 16iJ), or there may be a gf'latiuizatiou of the sides of the H-pleces 
and a swimming of zoospores through the gelatinized portions. The 
zoospores aie biflagellate, are naked, and have a hyaline anterior end.^ 
Quadriflagellate zoosjioros have been recorded’ for one species. A 
zoospoie swarms for a short time aiid then comes to rest and secretes a 
wall. The gerinliug thus formed may be free floating, or it may be sessile 
and affixed by a di^-eoid holdfast. i\planospo^es may also be formed. 
They are usually spherieal and are formed singly within a cell (Fig. 16C). 

* Tiffany, 1924 » Lagerhoim, 1889; West, Q. S., 1916. • ® Meyer, K., 1913. 

* Hazen, 1902; West, G. S , 1916. 
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Germinating aplanospores develop directly into new filaments.^ Some 
species also form thick-wallod akinetes in abundance. They may 
contain 2, 4, 8, or 16 nuclei.^ It they germinate within a few days, there 
is a direct development into a new filament. If germination is long 
delayed, the contents divide into four daughter protoplasts, either before 
or after escape from the old wall, and each daughter protoplast develops 
into a new filament ^ 



Fig 17 —A E Cuhndrorapm gnmndla Wollo A, old flldmcnt R germination 
stages F C imoluta Reiiibih (fiftii ( inikovb^i iSTti) oogonium at time of iertilisation 
(A, X d25, R L, \ (»5(J l\ X ISO ) 


The ■single recouled case ot gainctic union' is open to question since 
there is a possibility that the alga studied was Ttibonema rather than 
Mtcrospora. 


FAMILY 3 r>IINDnOCVPS\f EVE 

The Cyhndrocapsaccae ha\e unhranched fil.inients in which the colls 
have eoncentrieully stratified walls. They differ liom other uubranched 
Ulotriehales in that their sexual reiiroduction is oogamous. 

The single genus, Ci/ltnd> ocap$a (Fig. 17/1), is fresh-water an^ has 
five species. Und^r ceitain chntUtions of growth there is a complete loss 
of the filamentous organization and a development of Palmella stages in 
which the cells are irre|?ularly arranged. Each protoplast in a filament 
is enclosed by a cellulose walF which is laid down in concentric strata. 

» Meyer, K , 1913. * West, G. S., 1910. » Steinecke, 1932 

♦Tiffany, 1924. 
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The whole filament is surrounded by a tough gelatinous sheath of a 
pectic nature. Old cells are so densely packed with starch that the struc- 
ture of the chloroplast is obscured. Young cells contain a massive chloro- 
plast with a single pyrenoid. 

There may be a vegetative multiplication by a fragmentation of 
filaments. Asexual reproduction is by means of biflagellate zoospores 
with two contractile vacuoles and an eyespot.^ Germination stages of 
zoospores are sessile and affixed to the substratum by a gelatinous hold- 
fast. Cell division in young filaments (Fig. IIB-E) is transverse, and 
each daughter cell develops a wall with several concentric strata. 

Sexual reproduction is oogamous,^ and both gametes are developed 
in the same filament. Cells developing into sex organs may be dis- 
tinguished from vegetative cells by their reddish color. In the formation 
of antheridia certain vegetative cells divide and redivide to form a double 
file of small red-colored spherical antheridia, each of which produces two 
antherozoids. The antherozoids are fusiform and have two short flagella. 
The protoplast of a cell developing into an oogonium increases in volume, 
and the surrounding coll wall becomes greatly bwolleii. Just before 
fertilization there is a formation of a pore at one side of the swollen 
oogonial wall. Fertilization (Fig. 17F) takes place by an antherozoid 
swimming into an ohgonium through (he pote in the wall and fusing 
with the egg within the oogonium. Ripe zygote.s are spherical and have 
a smooth thick wall enclosing a briglit-red protoplast. 

FAMILY 4. CHAETOPHORACBAE 

The Chaetophoraceac have a branching filamentous thallus in which 
the branches may be free from one another or pressed together into a 
pseudoparenchymatous tissue. The terminal cell or cells of a branch 
may be prolonged into a long colorless seta. The cells are uninucleate 
and usually have a single laminate parietal chloroplast. Asexual repro- 
duction may be by means of zoospores, aplanospores, or akiiietes. Sexual 
'reproduction is usually isogamous, but it may be anisogamous or 
odgamous. 

There are about 60 genera and 225 species. Most of the Chaeto- 
phoraceae arc fresh-water algae. 

Typical members of the family have Vlothrix-^\ie cells united in 
branching filaments. Most genera have the plant body differentiated 
into a prostrate portion and an ere<*t, freely branched t>ortion. The erect 
portion may have all branches the same size, or there may be a differentia- 
tion into large primary and small lateral branches. There are no life- 
cycle studies showing whether the Chaetophoraceac have or lack an 
alternation of generations. The presumption is that they are haplontic. 

X Cienkowski, 1876. 
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Stigeoclonium, with some 35 species, is a common fresh-water algae. 
It grows in standing or flowing water and affixed to stones, woodwork, 
and submerged aquatics. The plant body is differentiated into a pros- 
trate and an erect portion. The prostrate portion, which attaches the 
alga to the substratum, is either pseudoparenchymatous or irregularly 
branched. It bears many erect branches. They are sparsely branched, 
with an alternate or opposite branching, and have the obscure main axis 
and the lateral branches attenuated into long multicellular hairs (Fig. 
18A). Erect branches are often enclosed by a broad gelatinous sheath, 
but this is of a very watery consistency and not usually visible unless 
demonstrated by special methods. 



Fiq. 18. — A, vegetative branch of iStigeoclonium Inhricum (Dillw.) Kutz. B, zoospores of 
iS tenue (C. A. Ag.) KUtz. (X 400.) ^ 


Stigeoclonium may develop pseudoparenchymatous PalmeUa stages, 
and it has been shown^ that development of them may be induced by an 
increase in the osmotic pressure of the water or by the addition of small 
amounts of various toxic substances. 

Cells of both the filamentous and palmelloid stages are uninucleate 
and have a single chloroplast. Larger cells of a filament have a trans- 
versely zonate chloroplast with several pvrenoids; smaller cells have the 
chloroplast extending the whole length of the cell and usually containing 
a single pyrenoid. 

Vegetative multiplication by fragmentation may take place, but 
fragments from the erect branching portion do not grow vigorously ^hen 
severed from the prostrate portion. Zoospore formation takes place 
qxiite readily in Sttgeoclonium, and one usually finds all cells in the smaller 
branches sporulating the day after a collection is brought into the labora- 
tory. The zoospdres are quadriflagellate. In some species they are all 
the same size; in other species there are macro- and microzoospores.* 
‘ livingston, 1900, 1905. * Pascher, 1907. 
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Zoospores are generally fonned singly within a cell and development of 
their flagella is due^ to a blepharoplast-rhizoplast-contriole type of neuro- 
motor apparatus. A zoospore swarms for a time and then comes to rest 
with its anterior pole downward. According to the species, the one-celled 
germling either grows into a short vertical filament that later develops the 
procumbent portion of a thallus, or it grows into a prostrate branching 
system from which erect branches arise. ^ Cases are also known where the 
macrozoospores arc metamorphosed into rhizopodal stages that remain 
amoeboid for some time before they develop into filaments.® Aplano- 
spores are generally formed singly within a cell and usually in several 
successive cells. Akinetes are sometimes formed in abundance.** 

Sexual Reproduction is usually by a fusion of biflagcllate gametes of 
equal size (Fig. 18f?), but a fusion of quadriflagellate gametes has been 
recorded*^ for certain species. The frequent failure of gametes to fuse 
with one another is probably due to the fact that the species is hotero- 
thallic. Gametes that have not fused to fonn a zygote usually develop 
parthenogenetically into filaments. The zygotes are spherical, are 
smooth walled, and germinate to form zoospores. 

FAMILY 5. PROTOCOCCACEAB 

‘ The Protococcaceae may be unicellular, or multicellular and with the 
cells united in small packets. The chloroplasts are parietal and irregular 
in outline, y/there is no production of nmtile;gj 4 ,^da*‘^’ | 

' The Protococcaceae include certain aerial fresh 7 watcr algae in which 
the cells are usually jyijp^jpUular but in which th(»re may be a vegetative 
division to form small packet-shaped colonies. The literature dealing 
with these algae is a mass of contradictions and phycologists are not even 
in agreement as to whether the best-known genus <?hould bo called 
Protococcus or Pleurococcus, Part of this confusion is due to the fact that 
every unicellular globose aerial green alga has been considered a specie^ of 
Protococcus. The situation has improi'cd in rec(‘nt years with the 
growing realization that species in which the cells do not divide vegeta- 
tively belong to the Chlorococcales. Furthermore, there is very strong 
evidence that theSi^ie Protococcaceae never produce zooiids and that 
any zoosporic unicellular green alga belongs to the Chlorococcales rkther 
than to the Protococcaceae. The nonzoosporic unicellular aerial algae 
appear to be reduced forms derived from a branching filamentous ancestor. 
Sometimes there may be a reversion toward the ancestral condition, and, 
when growing under conditions of excessive jgoisture. Protococcus may 

* Reich, 1926. * Fntsch, 1903; Str0ni, 1921. ® Pascher, 1916. 

* Tilden, 1896. » Pascher, 1907. 
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form colonies of 50 or more cells and one in which certain of the cells are 
in definite but very irregular filaments.^ 

« Solitary cells of PrqiacQgcm (Fig. 19) are spherical to ellipsoidal and 
with a fairly thick wall that is without a gelatinous envelope. Packets of 
two or more cells may be formed by a division of solitary cells. The first 
division is transverse ; if further divisions take place, the plane of division 
is at right angles to the piecoding one. Mutually apposed faces of 
daughter cells remain flattened for a lime after cell division, but they 
eventually become rounded as the cells grow older and increase in size. 
A cell of P) otococevs is uninucleate and solidly packed with cytoplasm. 
The peiipheral portion of the cytoplasm is differentiated into a single 



Tig 19 — Protococcua viri^ha i V \g (X 1,300) 


laminate chloroplast with more or hss lobed margins Sometimes. the 
chloroplast is so gieatly lobed tint there appear to be two or more of 
them Chloroplasts of Piotorocdis are usually without pyrenoid s. 

Cell dhision i^ the only known method of leproduotion. ‘the two 
daughtci cells ma}’’ lemain apposed for a considerable time, or they may 
separate from each othei and become spheiical 

F\MIL1 0 COLKOCH\LT\CE\B 

The (^oleoehaetac('ae may ha\e the cells united in branching fila- 
ments of various form or may ha\e Military cells The cells arc uni- 
nucleate and ha\ (» a single, laminate, ]}aiietal chloroplast All or certain 
cells in a thallus may bear one or moie setae with a ceritial filament of 
cytoplasm and a slieatli ot gelatuiou^ material partially or completely 
enclosing the cytoplasmic filament ^yost genera of the family produce 
zoospores Sexual lepiodiiction may be isi'gamous or oogamous. 

The family includes about 10 genera and 25 species, almost all of them 
fre&h-wat(w in habit 

ColeochaHe^ w ith about 10 species, is a fresh-water aquatic that usually 

grows epiphytically upon other algae or upon submerged angiospeim^bijt 
may grow endophytically within cell walls of Charalcs The cells are 
jtJiUed end to end in branching filaments, some of which may be 
plfbstrafe and otliors ercc^, (Fig 20B); or all branches may be prostrate 
and either distinct fiom one another or laterally apposed to form 

» Chodat, 1909; Snow, 1899 
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a pseudoparenchymatous disk (Fig. 20.4). In all of these thalli certain 
cells bear a single long unbranched cytoplasmic seta whose base is 
ensheathed by a cylinder of gelatinous material. The development of a 
seta is due to a blepharoplast that lies immediately beneath a small pore 
in the cell wall.^ Cells of Coleochaete are uninucleate and with a single 



Fig 20 — A, CcleoUhaete acutata Br6b ( X 375 ) li (?, C. pulvinata A Br vege- 
tative branch with a spermocarp (X 110). C, anthendia /), oogonium E P, young 
spermocarps 0, germinating spermocarp (C-<7, after Oltmanna, 1898 ) 


laminate chloroplast that partially or wholly encircles the protoplast. 
There is usually one large pyrenoid within a chloroplast. 

Asexual reproduction is by means of biflagellate zoospores that are 
formed singly within a cell. Isolated cells of a thallus may produce 
Zoospores at any time of the year, but in the sfyring there is frequently a 
production of zoospores by every cell in a plant living over from the 
* Wesley, 1928. 
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previous summer. A zoospore escapes by moving in an amoeboid manner 
through a pore in the parent-cell wall and then swarms for an hour or so 
before it comes to rest and secretes a wall.^ The one-celled germling soon 
begins to develop into a multicellular thallus,‘ and, when a developing 
thallus consists of but a few cells only, the cellular arrangement is that 
characteristic of the species. One or more cells of young developmental 
stages bear setae. Aplanospores with fairly thick walls may also be 
developed singly within a cell.^ 

Most species of Coleochaete reproduce ses^lly, although there 
are dwarf species that form zoospores only.®^^cxual reproduction isv 
oogamous, and, according to the species, the plants are hetcrothallic or \ 
homothallic. In C. pulvinata A. Br.^ and C. Nitella^um Jost^ the anthe- 
ndia are bluntly conical and arc usually borne at the tips of branches 
(Pig. 20C). Antheridia of C. scuiata Br6b. are developed midway 
between center and periphery of the discoid thallus.® In this species a 
vegetative cell divides into two daughter cells, one of which, the antheridial 
mother cell, redivides to form antheridia. Antheridia of Coleochaete each 
produce a single biflagellate aiitherozoid which may be green or colorless. 
Oogonia of C. pulvinata are formed by a metamorphosis of one-celled 
lateral branchlets (Fig. 20/)). The oogonium of this species^ is a flask- 
shaped structure ^ith a long colorless neck, the trichpgyne. Oogonia of 
C. scutata have an inconspicuous tricliogyne. They are formed from 
marginal cells of a thallus. Marginal growth of C. scutata continues after 
differentiation of the oogonia so that they, with their contained zygotes, 
eventually come to lie some distance in from the thallus margin. 

Fertilization takes place by an aiitherozoid swimming into an 
oogonium and there uniting with the egg. The zygote remains within the 
o5gonium, secretes a thick wall, and increases greatly in size. At 
the same time there is an upgrowjth of branches from the cell below the 
oogonium and from neighboring cells to form a parenchymatous layer 
that more or loss completely encloses the oogonium (Fig. 20E-F). The 
oogonium with its ensheathing layer of cells, which soon become reddish 
brown, is termed a spevmocarp. The spermocarps remain dormant over 
winter.® The gametes uniting to form a zygote have nuclei of quite 
different size. But the male gamete nucleus increases greatly in size as 
it approaches the female nucleus, and, when the two fuse, they are of 
approximately the same size.® Division of the zygote nucleus is reduc- 
tional,^ and each scries of nuclear division is followed by a cytokinesis 
effected by means of a cell plate. Division continues until there are 
8 to 32 daughter protoplasts (Fig. 20G), and then each of them is meta- 

d 

' Lambert, 1910; Pringsheim, 1860; Wesley, 1930. * Wesley, 1928. 

•Lambert, 1910. * Oltmanns, J 898. •Lewis, 1907, • Wesley, 1980. 

» Allen, 1905. 
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morpbosed into a biflagellate zoospore.^ The zoospores are liberated by 
a breaking of the spermocarpio and zygote walls. The liberated zoospores 
swarm for a short time and then come to rest and develop directly into 
new thalli. 


FAMILY 7. TRENTISPQ^IACJSAU 

The Trentepohliaceae have their fells united in irregularly branched 
filaments with a loose or a compart branching. The protoplasts may 
contain one or several chloroplasts and are always uninucleate when 
young. Zoospores are formed in sporangia diffei ing in .shape from vegeta- 
tive cells. Several genera form biflagclla te isogametes w ithin gametangia 
resembling sporangia. 



Fia. 21 . — Trenlepohlxa anna var pclycarixi (Nees and Mont ) Hanot *1 portion of a 
thallus with a sporangium on one brine h /?, zoospoie (i4, X d25, X ^75 ) 


The family includes some 18 genera and 80 species, a large majority of 
which are fresh-water m habit 

Typical members of the family, as Tit tdfpohha, have reproductive 
cells markedly differ^'iit from vegetative cells, but there are genera in 
w’hich differences between the two are so slight that it is a question 
whether they belong to the Trentepohliaceae or to the Chaetophoroccae. 

Trentepohlia, with more than 50 species, is a strictly aerial alga in 
which the thallus is filamentous and branched (Fig. 21>1) . It is especially 
abundant in the tropics, but several species grow in temperate and sub- 
arctic regions. The alga grows in a felted layer on rocks and on the 
leaves and bark of trees. The plant mass is yellowish red to browjnish red 
and quite jconspicuous. Sometimes, as on the Monterey Peninsula, 
California, the alga grows in sufficient abundant to affect the color of the 
landscape. 

* Chodat, 1898; Oltmanns, 1898; Priogsheim, 1860. 
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The major portion of the plant body may be prostrate and have very 
short erect branches, or the erect portion may be more extensive than the 
prostrate portion. Branching of the erect portion may be predominately 
alternate, opposite, or unilateral. The cells are cylindrical to moniliform 
and rarely with a length more than twice the breadth. They have 
lamellated walls composed almost entirely of cellulose.^ Some species 
have the wall layers parallel to one anothei and encircling the cell; other 
species have the wall layers outwardly and upwardly divergent. In the 
latter type of wall there is usually a cap of pectose on the terminal cell of 
each branch. These caps, which are composed of successive transverse 
lamellae, may become so cumbersome that they impede apical growth of a 
branch.* 

The protoplasts arc uninucleate, when the cells arc young, but may 
become multinuclcatc in old cells. There are several parietal chloroplasts 
in each coll, and, according to the species, they may be disks, spiral bands, 
or combinations of the two.^ Usually, however, the number and struc- 
ture of the chloioplasts are completely obscured by a haematochrome 
wdiich colors the entire protoplast a deep orange-red. It has been 
thought that the haehiatochrome screes as a light screen, but there is an 
equal pos.:)ibility^ that it &cr\’es as a rcser\o food supplemental to the 
starch. 

As('xual reproduction is by means of zoospores wiiich are formed within 
terminal or intercalary sporangia. All intercalary and some terminal 
sporangia are without concentric rings of w’^all material w'herc they abut 
on vegetative cells. Such sporangia are sessile and never become 
detached from the* thallus. Liberation of their zoospores takes place 
within a few minutes after a plant is moistened, and the zoospores escape 
through a lateral pore in the sporangial wall. Some si)ecies with tenninal 
sporangia have them borne upon basidium-like vegetative cells or have 
successive funnel-shaped layers of wall material separating them from 
vegetative cells.® Such sporangia are readily detachable and are dis- 
persed as wind-borne spore-like bodies that immediately produce zoo- 
spores wiien moistened.^ Zoospores from sessile sporangia are always 
biflagellate (Fig. 21B) ; those from detachable sporangia may bo quadri- 
flagellate.*^ Under certain conditions the contents of a sporangium may 
develop into aplanovspores instead of into zoospores. Vegetative cells, 
especially those in the proArate portion, may develop into thick-walled 
gjcffietes. The akinetes germinate directly into new filaments.® ^ 

There are a few records® of a fusion of biflagellate gametes that are 
prodxiccd in gametangia identical in appearance with stalked sporangia. 

1 West and Hood, 1911. * Geitler, 1923. * Brand, 1910. 

* Gobi, 1871; Karsten, 1891. • Meyer, K., 1909. 

« Meyer. K., 1909; Wille, 1887. 
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Possibly all reproductive cells producing biflagellate zooids are game- 
tangial in nature, and the failure of biflagellate swarmers to fuse in pairs 
may be due to the fact that Trentepohlia is hcterothallic. 

ORDER 4. ULVALES 

The U1 vales have uninucleate^celLs that divide in two or in three 
planes to produce a parenchymatous thallus that may be an expanded 
^eeli, a hollow tube, or a solid cylinder. Asexual reproduction is by 
means of quadriflagellate zoospores. v^Sexual rrj[)roduction is isogamous 
or anisogamous and by means of biflagellate gametesj 

The order includes 6 or 6 genera and about 110 species. A majority 
of the species are marine, but certain of them grow in brackish or in fresh 
water. 

The cell structure is similar to that of Ulotrichales, and many phy- 
cologists think that differences in vegetative organization arc not funda- 
mental^ enough to warrant segregation from the Ulotrichales. In any 
case, the genera referred to the Ulvaceae are universally recognized as 
forming a natural family. Ulva and one other genus {Entmmorpha) 
have been shown ^ to be diplohaploiitic and to have the two generations 
identical in form and stnicture. 

The order is divided into two families. 

FAMILY 1. ULVACEAE 

The Ulvaceae have a thallus which is an expanded sheet one or two 
cells in thickness, a hollow cylinder with a wall one cell in thickness, or a 
strip two or more cells broad. The cells are unii ucl(»ate and with a 
single, parietal, more or less laminate chloroplast. iiLsexiial eproduction 
is by means of quadriflagellate zoospores, and in two genera they germi- 
nate to form a haploid plant that produces biflagellate gametes only. 

There are 4 or 5 genera and about 105 species. Mos^ ‘Species are 
strictly marine, but some may also grow in brackish or fresh ^ j' e ', and a 
few others are strictly fresh-water. 

Vha, the sea lettuce, has about 30 speci(‘s, all marine, but a few of 
them also grow in brackish water. Ulva is a common alga of the midtidal 
zone. It frequently grows in great profusion in waters polluted by 
sewage. 

The thallus Is an expanded sheet (Fig. 22 A) two cells in thickness and 
is attached to the substratum by a holdfast composed of rhizoidal out- 
growths from the lower cells. When seen in cross section, the cells are 
isodiametric or vertically elongate to the thallus surface (Fig. 22B). 
Their walls are more or less confluent with one imother to form a tough 
gelatinous matrix. Each cell contains a single laminate to cup-shaped 

^Bliding, 1933; Foyn, 1929, 1934A; Hartmann, 1929; Ramanthan, 1936. 
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chloroplast that lies next to the outer face of the cell. The chloroplast 
contains a single pyrenoid. The cells are iihinucleate and with the 
nucleus vanously located in the interior half of the cell. Cell division 





Fio. 22. A, ihalliis of Uha stcnophylla »Sotrhcll and Cxardner. li F, U. 
S and G. B, vertical section through upper portion ot a thallus. C, 
basal portion. />, gamete formation. E, gametes. F, gametic union’ 
A X 976; C, 650; E-F. X 1,300.) 


Johata (Kiitz.) 
same through 
U, XH; A 


may occur anj^where in a thallus, but all divisions arc in a plarte per- 
pendicular to the thalliLs surface. 

Certain cells in the lower portion of a thallus send out long colorless 
rhizoids (Fig. 22C) thjft grow down between the two layers of cells and 
intertwine freely with one another. Near the point of attachment to the 
substratum, they emerge from th? thallus and become closely appressed 
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to one another to form a pseudoparenchymatous holdfast. Emergent 
portions of rhizoids are tUtoaversely septate and multinucleate and con- 
tain chlorophyll. The holdfast portion of a thallus is perennial and 
proliferates new blades each spring.* 

When Ulva is growing in quiet waters of estuaries, it may multiply 
by growth of fragments accidentally detached from a thallus. There 
is but little vegetative multiplication among individuals growing in the 
open ocean. 

Ulva has an alternation of generations in which quadriflagellate 
zoospores from diploid plants germinate to form haploid plants that 
produce bifiagellatc gametes. The haploid and diploid generations are 
identical. Zoospores may be formed in any cell of the sporophyte, with 
the exception of the lowermost ones. The first cells to produce zoospores 
are those near the thallus margin; later on, cells more remote from the 
margin produce zoospores, and spore production continues until nothing 
remains of the blade but a filmy mass of empty cell walls. The formation 
of zoospores is identical with that of gametes except that division of the 
nucleus is reductional.* The zoospores are liberated through a pore in 
the parent-cell wall and usually swarm only for a few minutes before 
coming to rest and secreting a wall. The first cell division in growth 
of the new generation is transverse, tl’c lower cell developing into a 
rhizoidal holdfast and the upper into the blade. The upper cell divides 
transversely to form a filament of a few cells after which cell divisions 
are both vertical and transverse.* 

Gametes are formed by a repeated bipartition of the protoplast of a 
cell. In U. lohala (Kutz.) Setchell and Gardner the first cleavage is 
always parallel to the thallus surface and the second in a plane perpen- 
dicular to the first (Fig. 22 jD). The pyrenoid persists in one daughter 
protoplast of the first cleavage but usually disappears before the second 
cleavage takes place. Cleavage continues until there are 16 or 32 
daughter protoplasts, and then each of them is metamorphosed into a 
biflagellate gamete. In U. lobata, and probably in other species, a cell 
about to cleave develops a beak-like outgrowth on its outer face that 
extends to the thallus surface. This eventually becomes the .pore 
through which the gametes tire liberated. Species of Ulva growing along 
the coast of California discharge their gametes when they are reflooded 
by the incoming tide. Gamete discharge is profuse during the low 
spring tides of each lunar month, and such discharges are often liberated 
in sufficient quantity to color the water green. The biflagellate gametes 
are pyriform, with a single chloroplast, and with a conspicuous eyespot 
(Fig. 22E). Many, if not all, species are heterofhallic, and in one species 

> Delf, 1912. > Foyn, 1929, 1934.4. » Schiller, 1907. 
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it has been shown^ that there is a genotypic determination of sex at the 
time zoospores are formed. Fusing gametes are usually of equal size,* 
but one Pacific Coast species, probably U. lohata, seems to be anisogamous 
(Fig. 22F ) . The quadriflagellate zygote swarms for a short time and then 
comes to rest, loses its flagella, and secretes a wall. Germination follows 
within a day or two and division of the zygote nucleus is cquationaJ.* 
Development of gormlings from zygotes is similar to that of germlings 
from zoospores. There may also be a partlienogenctic development of 
thalli from gametes.^ Such thalli are haploid and produce gametes. 

FAMILY 2. SCHIZOMLRIDACEAE 

Mature thalli of Schizomeridaceao are solid cylinders several cells in 
diameter. There is but one genus, Schtzomens, It is a fresh-water alga 
with two or three species. 

Some phycologists"^ hold that Schizopieris is merely a developmental 
form of Ulothrix and unworthy of generic recognition ; others® hold that 
it is a valid genus and one belonging to the Ulotrichaceae. During 
recent years there has been a growing tendency® to accept the suggestion^ 
that its affinities are more with the Ulvales than with the Ulotrichales. 
It is thought to differ from Ulotrichales because cell division is in three 
planes (not one) and because the method of escape of zooids is quite 
unlike that of Ulotrichales. 

During the early stages of development, a thalliis of Schizomeris is an 
unbranched uniseriatc filament with an acuminate distal cell and a 
somewhat elongate basal cell terminating in a discoid holdfast. Later 
on in its development i here may be vertical divisions at right angles to 
each other in all cells except those toward the base. Continued division 
results in a thallus that is a solid cylinder of brick-like cells (Fig. 23). 
The cylinder may have parallel sides, or it may be constricted at infre- 
quent and irregular intervals. Cells of simple filaments of Schizomeris 
have fairly thick lateral w’alls and are sepaiated from one another by 
‘‘ring-like^' transverse walls.® These rings persist after vertical division 
begins, and they separate portions of the cylindrical thallus derived from 
a single cell of the filamentous stage. Chloroplasts of the filamentous 
stage are ulotrichoid and encircle about two-thirds of the protoplast. 
They usually contain several pyrenoids. A cell of the cylindrical portion 
of a thallus has a more massive chloroplast, which fills most of the 
protoplast. In one species® the chloroplasts in cells of older thalli may be 

1 Foyn, 1934A. * Fo^, 1934A; Schiller, 1907. » Foyn, 1929, 1934A. 

* Printz, 1927. ® Collins, 1909; Heering, 1914. 

• Korahikov, 1927; West, G. S., 1916. ^ Hazen, 1902. 

« Watson and Tilden, 1930. • Fritsch and Rich, 1924. 
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greatly lobed and have several pyrenoids or be broken up into several 
chloroplasts, each with a single pyrenoid. 

Vegetative multiplieation may take place by a fragmentation of old 
thalli. The region at which a break occurs is almost always a con- 
stricted portion of a tliallus, and fragmentation may be due to a dis- 
integration of the transverse ring of wall material persisting from the 
filamentous stage. Asexual reproduction is by moans of quadrifiagellate 
zoospores formed by cells in the upper part of a thallus. Most^ of those 
who have observed the liberation of zoospores record a breaking down of 
cross walls in the region of zoospore formation and an escape of zoospores 



Fio. 23, — Schuomeris Leibleinii KiUz. Portiona of a tliallua at throe difTcrciit levels. 

(X32r..) 

through the thallus apex, but n li))eration of zoospores by a gelaiinization 
of the lateral walls has also Ik'cii reportcid.'^ 

0RD]:R 5. SCTIIZOGONIAT.ES 

Thalli of Schizogoniales may be filamentous, plate-like, or solid 
cylinders. They are compo.sod of uninucleate cells with a single stellate 
chloroplast. No zoospores ani formed by uienibcTS of this order, and 
there is no sexual njproduction. Rei}roduction is by means of 'aplano- 
spores and akinetesi 

There are 2 or 3 genera and about 2o species; some fresh-water, others 
iharine. 

There is but one family, the Schizogoniac'eac. The systematica posi- 
tion of this family is controversial. Some phy eulogists place it in a 
separate order; others* hold that it docs not merit ordinal rank. The 
shape and position of the chloroplasts and th(5 multii)le files of akinetes of 
Prasiola suggest that the affinities an* with Porphyra (page 302) rather 
than with the Chlorophyceae, It has even been intimated^ that the two 

^Hazen, 1902; Wolle, 1887; Wood, 1872. * Korshifov, 1927. 

•Setchell and Gardner, 1920; Smith, G. M., 1933; West, 1916. 

‘ Fritsch, 1935; Printz, 1927. ® Setcholl and Gardnfir, 1920, 
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types of akinetes found in certain species of Prasiola are antheridia and a 
simple type of cystocarp. Although there are these superficial morpho- 
logical resemblances to Porphyra, there is a fundamental difference in the 
composition of pigments in Bangiales and in Schizogoniaceae.^ 

Some of the 20 or more species of Prasiola are marine and some are 
fresh water. Certain species grow only where the substratum is rich in 
soluble nitrogenous compounds, and most of the marine species are 
restricted to the spray zone of rocks covered with the droppings of sea 
birds. 

Adult thalli of Prasiola are expanded sheets one cell in thickness and 
with the cells tending to lie in groups of four (Fig. 24 A-B), The tetrads 
may, in turn, lie in larger groups separated from one another by narrow 
or broad intiTvening spaces running in definite directions through a 
thalliis. Attachment to the substratum may bo by rhizoidal outgrowths 
from the tliallus margin or by a thi(‘kened stipe. The first cell divisions 
in developmenl of a thallus are always transv(Tse and n^sult in a simple 
filament. The filamentous stage may at times have a false branching as a 
result of death of one or two cells and a growth of the adjoining portions 
through llie slu'ath investing the filament.'* The juvenile condition may 
persist indefinitely, or, as a result of vertical and transverse division, a 
filament may become either a ribbon two to a f('w cells })road or an 
expanded sheet about as broad as long. 

Cells of vigorously gro^^ing thalli have a single central stellate chloro- 
plast with a pyreiioid at the center (Fig. 24(7). The nature (#f the food 
r(»serves is in dispute; some'* affirm that starch is formed, and others deny^ 
its presence. The cells are uninucleate, with the nucleus excentric in 
position.'* 

Vegetative multiplication may take place at the filamentous or at the 
adult stage. Multiplication at the filamentous stage is by a fragmenta- 
tion into segments containing one to four colls, ^ or by a dissociation into 
spherical colls which readily separate from one another.® Vegetative 
multiplication of adult thalli is by an abscission of small proliferous 
outgrowths. 

Asexual reproduction is usually by means of akinetes. These may be 
formed by metamorphosis of a vegetative cell, or akinete formation may 
be preceded by vegetative divisions that make a thallus two cells in 
thickness in the region where they are to be formed. Portions of the 
thallus two cells in thickness may have a direct development of the ^cells 
into akinetes^ or may have the cells dividing into four daughter cells that 
become akineUvs.® The akinetes are liberated by a softening of the thallus 

» Kylin, 1930. * Brand, 1914; Gay, 1891; Wille, 1901. 

» Gay, 1891; Wille, 1901. * Brand, 1914. ® Wille, 1901. 

• Borzi, 1895; Gay, 189b ^ Setchell and Gardner, 1920. « Lagerheim, 1892. 
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matrix. They may develop directly into new plants, or they may become 
aplanosporangia which contain several aplanospores.^ 



Fig 24. — A-B, Prosxola mexicaiui J G Ag A, thalhis B, portion of a thallus. C, 
vegetatw cells of P meridionals Setchell and Gardner. (A, X J- 2 . X 4S5, C, X 975 ) 

The recently described^ anisogamous sexual reproduction by moans ot 
biflagellate gametes is in need of (onfinnation befoie it can be accepted 

OR DER CLADOPPIORALES 

The Cladophorales are multicellular and with the cells united end to 
end in simple or branching filaments. The cells aie al ways mu ltinucleate 
and have numer ous distoid chloroplasts" that may be free from one 
another or unite J**by strahcls. Asexual reproduction is by means of 
zoospores, apfanospores, and akinetes Sexual reproduction is isogamous 
or oogamous. 

The order includes about 12 genera and 340 speci(\s, some maiine, 
others fresh-water. 

The coenocytic multicellular Chlorophyceae in which the cells divide 
vegetatively are usually considered permanently septate Siphonales and 
placed in a single order, the Siphonoclaclialcs. Certain of the families 
assigned to the Siphonocladiales have undoulitedly been derived from the 
Siphonales (page 122). However, as suggested by Fritsch,’ the Clado- 
phoraceae and Sphaeropleaceae appear to have been derived from the 
Ulotrichales rather than from the Siphonales. At fiist he thought they 
were sufficiently related to Ulotrichales to be considered a Suborder;* 
later he thought^ that the Cladojihoraceae should be placed in a separate 
order. The systc^matic position of the Sphaeropleaceae is doubtiul, and 
there are equally good arguments for retaining them among the 
Ulotrichales or transferring them to the Cladophorales. 

Three genera of the Cladoplioraceae have been shown to be diplo* 
haplontic. In two of the genera^ there is an alternation of identical 

t 

» Wflle, 1901, 1906. * Yabe, 1932. » West and Fritech, 1927. 

* Fntsch, 1935 

* Foyn, 1929, 1934; Hartniaiin, 1929; Sehusenig, 1928, 1930B, 1931. 
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haploid and diploid generations. In the third genus (Urospora) there is* 
an alternation of a many-celled filamentous haploid generation with a 
coenocytic one-celled diploid generation. 

The two families of the CladophoralCwS differ from each other in struc- 
ture of vegetative cells and in the type of sexual reproduction. 

FAMILY 1. CL4DOPHORACE\E 

The Cladophoracoao have multinuelcato cylindrical cells in which the 
length is rarely more than eight times the breadth and in which the chloro- 
.plasts are not in distinct transverse bands. The cells are joined end to 
end in simple or in branched filaments. Asexual reproduction of most 
genera is by means of zoospores, but one genus produces akinetes only. 
Sexual reproduction is isogamoiis, bv a fusion of biflagellate gametes. 

There are about 11 genera and 340 species. Some genera arc exclu- 
sively marine, some arc exclusively fresh-water, and some have both 
marine and fresh-water species. 

Cladophora^ with some 160 species, is unusual in that it is widely 
distributed in bothvfresh and salt waters. The (ylindrical cells have a 
length 3 to 20 times the breadth and are united end to end in freely 
branched filaments (Fig. 25 A). The branching is usually lateral but 
often appears to be dichotomous because of the pushing aside (evection)^ 
of the original axis of ihe branch. Branches originate as lateral out- 
growths from th(‘ upper end of a cell and are usually formed only from 
cells near the end of a filament. The first cross wall formed in a branch is 
laid down close to the point of origin of the outgrowth. Thalli of Clado- 
phora are usually sessile and attached to the substratum by fairly long 
rhizoidal branches, some of which arise adventitiously from cells near the 
base of a thallus. Certain of the rhizoidal branches dev(‘lop short thick 
cells from which grow bushy short-celled branches.^ Many species of 
CUtdophora are perennial, the thallus dying back to the prostrate rhizoidal 
system whose cells are filled with food reserves. In the following growing 
season certain of these cells give rise to new erect branches. 

The cells have thick stratified walls consisting of an inner cellulose 
zone, a median pectic zone, and an outer chitinous zone.^ There is a 
fairly thick layer of cytoplasm internal to the wall, and, internal to this, 
there is usually one large central vacuole, but sometimes there are several 
vacuoles in the central portion of a protoplast. The chloroplast may be a 
reticulate sheet completely encircling the protoplast, with pyrenoids here 
and there in the reticulum; or there may be numerous discoid chloroplasts 
most of which lie next the cell wall but a few of wliich may lie in cyto- 
plasmic strands crossing the central vacuole. Only certain of the discoid 

* jerde, 1W3. * Brand, 1901. • Brand, 1909. ^ Wnrdack, 1923t 
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chloroplasts contain pyrenoids. The cells are always multinucleate and 
have the nuclei internal to the chloroplast or chloroplasts. The nuclei 
are relatively large and with a well-defined chromatin-linin network. 
Chromosomes formed during mitosis may be of different lengths or all the 
same length.* There is no distinct spindle during the division of nuclei, 
and the nuclear membrane persists until division is completed. Fre- 
quently the nucleolus is also persistent and is divided into two equal parts 
during mitosis. 

All critically investigated species have been sliown* to have an alterna- 
tion of generations and a production of quadriflagellatc zoospores by the 




Fig. 25 — A-B, Cladophora glomtiatn (L ) TCiitz A, ])ortion of u thalhis B, gamete. C, 
hberatiou of gimetcs of ( Kinf^ingtu7ium Oiun (A, X 40, B, X (>00, C\ X 325 ) 

diploid Konoiatioii. Tho zoosporos aio iisiially foimed only in vigorouhly 
growing colls near the tips of branches. Then^ is a period of active nuclear 
division, and in certain species'* these divisions have been shown to bo 
rcductional. C. ghnurnta (L ) Kutz. is atypical in that meiosis takes 
place just before foimation of gametes.* After completion of the nuclear 
divisions, there is a progressive clea\age into uninucleate protoplasts by a 
progressive \acuolization ^ Kach uninucleate protoplast is metamor- 
phosed into an ovoid cjuadritlagellate zoospore A\ith an eyesi)ot and 
chloroplasts. Coincident \\ith the cytoidasmic cleavage, there is a 
development of a small lens-shaped area at or near the upper end of the 
cell wall. The gclatinization and dissolving of this area produces a small 
circular pore through which the zoospores escape singly. As a rule, all 

1 Carter, Nellie, 1919; Foyn, 1934; Sehussnjg, 1923, 1930B; T'Seiclaes, 1922, 

» Foyn, 1929, 1934; 8chubsniK, 1928, 1930, 1931. ^ 

» Foyn, 1934; Sehussnig, 1928, mOB * List, 1930. 

® Czempyrek, 1930 



CHLOROPHYTA 


65 


zoospores escape from a parent-cell wall, and one rarely finds zoospores 
remaining within a parent cell and there developing into aplanospores. 
Liberation of zoospores from marine species growing in the intertidal zone 
takes place wlnm thalU are reflooded by the incoming tide. Germination 
takes place soon after the zoos])ores cease swarming. The one-eelled 
gerinliiig elongates vcrti(*ally, becomes multinucleate, and tlicn divides 
transversely into two daughter cells, the lower of which is rhizoidal. 

Cells of the erect branches of mature plants may develop into akinete- 
like structures, but these often divide to lorm new cells without becoming 
detached from the filament in which they are bornc.^ 

Sexual re]^ro(luclion is by means of biflagellate gametes formed in the 
same manner as are zoospores. They also escape singly from the parent 
cell and through a small lateral or terminal pore (Fig. 2bB-C). In many 
cases tlu'y have the po^ttuior pole forwrard as they move through the pore. 
Some specie's of Cladophora are h('terothallic^ and only have a union of 
ganu'tes when the* two liave bec'u produced by different plants. Certain 
lic'terothallic sp('cies have' a disintegration of gametes which have not 
lus(‘d to form a zygote; oUkts havt' a i)arthenogenelic germination of 
gametes that fail to luse with one another. 

The zygot(' germinat(‘s directly into a new plant W’ithout a period of 
rest . I )ivision of t he zygot(' nucleus aitd its daughter nuclei is equational. 
Th(‘ diploid thallus result ing from germination of a zygote is an asexual 
plant and produces zoos})()res only. 

F\MlTiY 2. SPIIAKROPLEVCEAE 

The Sphaeropleaceae have cells wdth a length 15 to 60 times the 
breadth and ha\(' them uiiit^^l end to end in unbranched filaments. 
Chloroplasts within a cell li(' in numerous transverse bands. There is no 
reproduction by zoospores or any other type of asexual spore. Sexual 
reproduction is oogamous. 

Th(' single genus, Sphai roplca, is a fresh-water alga wdth five species. 
It is usually found on i^eriodically inundated ground or in flooded 
meadows. In such places it may develop to maturity, fruit, and disap- 
pe.ar wdtlfin four or five w'('eks. 

The lateral walls of a cell are relatively thin and have no gelatinous 
sheath. Kml walls separating the cells from one another are unevenly 
thickened and sometimes have knob-like projections. The protoplast 
contains numerous transverse biconcave septa of cytoplasm separated 
from one another by large vacuoles. Each cytoplasmic septum contains 
several nuclei and numerous discoid chloroplasts (Fig. 26A), certain of 
which contain pyrenoids.® Sometimes the chloroplasts in a septum are 

^Cliolnoky, 1930. = poyn, 1929, 1934; Schussnig, 1930, 1930A, 1930B. 

» Klebahii, 1899. 
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so densely crowded that ♦hey appear to be a single transverse band similar 
to the chloroplast of Ulothnx. There is a thin layer of cytoplasm between 
the vacuoles and the side walls of a cell, but it usually lacks chloroplasts. 
Here and there in the cell a septum develops a vacuole, the enlargement of 
which divides the septum into two equal parts that become more and 
more remote from each other as the vacuole increases in length. Elonga- 
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Fio 26 — A, portion of d vopsetative cell of (Roth) C A Ar B D, 

S camhrica Fritsch fi cdrly stiRo do\elopintn1 of in iiithcrKiimn C, portion 
of an antheridiura with prol opla^sm ( leaved into small frag uicnts />, portion of an oogonium 
in which the eggs are lx mg fortilized, and portion of an idjoiuing anthoridium (X b50 ) 


tion of a cell and tbe formation of new cytopla.sjnic septa do not continue 
indefinitely since soonei or later there is a formation of a transverse wall. 
Growth in length of a filament may continue indefinitely, but usually the 
filaments become accidentally severed before attaining a length of more 
than a few centimeters. Vegetative multiplication by an accidental 
breaking of filaments is the only method of asexual leproduction in 
Sphaeroplca 

Sexual leproduction is oogamous anu JiffeiS from that of all other 
oogamous Chlorophyccae in that there is no change in shape of vegetative 
cells developing into oogonia or into antheridia. Spkaeroplea is the only 
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odgamous green alga in which more than one egg is formed within an 
ohgonium. Every cell of a filament develops into a sex organ, and all 
filaments, at any given station, fruit at about the same time. Most 
species produce anthcridia and oogonia in separate filaments, but some- 
times the two are produced^ in alternate cells of the same filament 
(Fig. 26D). 

The first step in the formation of an antheridium is an increase in the 
mimber of nuclei in the protoplast and a division of the chloroplasts, 
accompanied by a disappearance of the pyrenoids.- I'herc is then a 
clumping of the protoplast into a number of masses (Fig 26B) and a 


f t y\X ^ \j. 



Fitj. 27 — A B entire oogoiii i of x^phairoj)lea camhnea Fntsth C-Dy S. annufina 
(Roth) C .A, Ag ( zygotcb D one-f tiled gcrniliiig ( A-B, X ll>0, (\ X OoO, Z), X 326.) 


j)rogrcssive doiivapo of oa^h mas^j into luiinucloato ])r()toplasts (Fig. 26C) 
that aic niotamorphosod into naked bitlagdlate spmdle-shaped anthero- 
zoidrt.^ The anthei ozoidh escape singly through small iiores in the 
lateral wall of an antheridium. 

Cells developing into oogonia do not have an increase in the number 
of nuclei prior to cleavage of the cytoplasm into f'ggs. The eggs are 
multinucleate >\hen first formed, but later thtTc is a degeneration of all 
nuclei but one. This i^, not aeeomparied by a disappearance of the 
chloroplabts or pyrenoids ‘ The number and size of eggs within an 
oogonium are extnmiely variable, even in the same species. In most 
species the diameter of eggs is more than half that of an oogonium, and 
they lie in a single to doubh* linear series \\ithin the oogonium. More 
rarely the eggs have a diameter less than a quaiter that of an oogonium, 
and they lie in multiple longitudinal series (Fig. 27 A-B) Oogonia con- 
taining matur(‘ eggs hav« small pores in their lateral walls; the anthero- 

^ Rauwenhoff, 1887; Siinth, G M., 1933. ^Klebahn, 1899. 

« Golenkia, 1899; Klebnhn, 1899 * Gilbert, 1915; TGebahn, 1899. 
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zoids enter through these pores, swim about between the eggs, and 
eventually unite with them (Fig. 26Z)). In S. tenuis Fritsoh fertilization 
probably takes place outside the oogonium, and there are reasons for 
thinking that both gametes of this species are motile.^ Soon after 
fertilization, the zygote secret(‘s a thick wall, with an ornamentation 
typical for the species, and the protoplast becomes brilliantly colored 
with haematochrome (Fig. 27C). The zygotes are eventually liberated 
by a decay of the oogonial wall, but they rcMiiaiu dormant for several 
months before germinating. They may remain viable for several years. 

When germination takes plac(‘,^ there is usually a division of the 
protoplast into four zoospores, but one, two, or eight zoospores are some- 
times produced. The zoospores are bi flagellate and ovoid when first 
liberated. Shortly before or after they cease swarming, they become 
spindle-shaped and hav^e greatly attenuated poles. The j)rotoplast 
of a zoospore secretes a wall afl('r swarming ceases, but there is no forma- 
tion of a holdfast. This free-floating cell increases to many times its 
original length and develops many transverse (*ytoplasmic septa before 
it divides transversely (Fig. 27 D). 

7. OEIKMIONIALES 

The Oedogoniales liave uniTiucleate cedis seriately united in simple or 
branched filaments. Cell eliviMon is of a iinicpie type and has a distinc- 
tive annular splitting of the lateral wall. Motile repre)ductive cells differ 
from those of most other Chlorophyceae in that they have a transveTse 
whorl of flagella at the anterior enel. Ase'xual i(»pre)duction is usually by 
means of zoospores but may be by means of akinetes. ^Sexual reproduc- 
tion is 5 Llw§.ys oogamous. 

There are three genera and approximahdy 350 species, all fresh- water 
in habit. 

The order is sometimes* placed in a separate subclawss, the Siephano- 
kontae, because of the distinctive zooids. The occurrence of stephano- 
kontean zoospores in Derbesia (page 115), a genus far removed from the 
Oedogoniales, shows that this unusual type of zooid has been evolved in 
two independent phyletic lines of (Uilorof)hyceae. Developing zooids 
of many other Chlorophyceae have a granule that divides to form 
two blepharoplasts, each of which forms a singh‘ flagellum (i)age 16). 
It has been suggested'* that the stephanokontean swarmers of Oedogoniales 
and Derbesia have been evolved by an appearance of repeated divisions 
in the granule originally dividing to form two blepharoplasts. If this is 
true, there is good reason for thinking that the Oedogoniales are in the 

* Fritsch, 1929. * ^ 

* Cohn, 1856; Hcinricher, 1883; Meyer, K., 1906; RaiiwenhofT, 1887 

’Blackman and Tansley, 1902; Tiffany, 1930; West, 1916. ^ Pasrljer, 1929. 
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same evolutionary line as the Ulotrichales. However, the Oedogoniales 
have evolved additional distinctive features besirlcs a stephanokontean 
flagellation, especially a^iinig^ue type of cell division and in certain 
species peculiar dwarf male filamcn"ts. ^ 

The three genera of the Oedogoniales arc so closely related that they 
are jplaced in a single family, the Oodogoniaceac. 

V OedogoniuTHf with some 285 species, is the only genus with cells in 
unbranched filaments. It is always a submerged aquatic and is of 
frequent oeeurrenee in permanent and semipermanent pools and ponds. 
The filaments may grow in extensive free-floating nias'^es, or they may 
bo epiphytic upon leaves and stems of submerged vascular plants or 
epiphytic upon the larger filamentous greem algae. All species are sessile 
when young, and many ol them remain sessile throughout their entire 
development. The basal cell is always modified to form a holdfast, and 



the distal cell is usually broadly rounded or acuminate Intercalary cells 
of a filament ha\e an apical-basal polaiity, and this ii> maintained even 
if the filament breaks away and beconu"? fiee-fioating. 

The e(*lls are cylindrical and with fairly thick rigid walls. Although 
the walls appear to be homogemeou^ in stiucture, all of them, except 
those of holdfasts,^ collsl'^t of tluee conceiitiic j^ortions.^ The portion 
next to the i)rotoi)last consists laigely of cellulose, external to this is a 
zone of pectose, and the outermost portion has chitin as the predominating 
substance. Lateral walls of certain cells of every filament have one or 
more transverse striae at the distal end They constitute the so-called 
apical cap (Fig 28). The chloroplasi i" a r(diculate sheet extending from 
pole fo pole and completely encircling the protojflast. According to the 
species, the strands of the reiiculum arc broad or narrow, but in either 
case the majority of strands are parallel to the long axis of the cell. The 
pyrenoi<ls, of which there are usually many hi a chloroplast, lie at the 
intersections of the reticulum. Ea(‘h pyreuoid is surrounded by a sjieath 
of starch plates. Starch plates formed by the pyronoids may migrate 
to, and accumulate in, the strands of th(‘ reticulum until the reticulate 
nature of the chloroj^ast is completely obscured by this ‘^stroma” 
starch. The single nucleus usually lies midway botw^een the ends of a 

» Tiffany. J924. * Wurdack, 1923. 



70 


AU3AE AND FUNOI 


protoplast and just within the chloroplast. It is of large size, is biscuit- 
shaped, has a well-defined chromatin-linin network and one or more 
nucleoli.* 

Cell division is terminal or intercalary and may take place in any cell 
but the basal one. Prior to cell division, there is an, upward migration 
of the nucleus until it lies about two-thirds the distance from the proximal 
end. After elongating somewhat, the nucleus divides mitotically. This 
generally takes place during the night. During the prophases of mitosis, 
there is an appearance of a ring of wail material that completely encircles 



C 

Flo. 29.- Cell division of Oedogomum crohitum (Hass ) Wiitr ( X 486 ) 


the inner face of the lateral wall jubt below the distal end of the cell.^ 
The ring, which is thought’ to consist of hemicellulose, increases in thick- 
ness until it is several times thicker than the rest of the lateral wall 
(Fig 294). There is next a formation of a small groove completely 
encircling the portion of the ring adjoining the latc'ral wall. A transverse 
i:ent then appears in the portion of the lateral wall external to the groove. 
Mitosis is completed by the time that the ring is fully developed, and, 
shortly after the two daughter nuclei aie reconstructed, there is a trans- 
verse cytokinesis of the protoplast by an annular furrowing of the plasma 
membrane midway between the ends of the cell (Fig. 29-B). There is no 
elongation of the cell during these stages of division, but, after transverse 

1 Kretschmer, 1930; Ohashi, 1930; Strasburger, 1880; Tuttle, 1010; van Wisselmgh, 
1908. 

*Him, 1900; Kraskovits, 1905; Kietschmer, 1930;\)hashj, 1930; Pnngsheim, 
1858; Steiner ke, 1929; Strasburger, 1880; Tuttle, 1910; van Wissclingh, 1908, 1908A. 

‘Steinecke, 1929 
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division of the protoplast, each daughter protoplast elongates to about 
the same length as that of the parent protoplast. This elongation takes 
but a short time and is often completed within 15 minutes. The lower 
daughter protoplast elongates until its distal end is level with, or slightly 
above, the former level of the hemictllulose ring. The wall lateral to this 
protoplast is therefore the side wall of the old parent cell. Meanwhile, 
the upper daughter protoplast has been elongating to about the same 
extent. The wall lateral to this protoplast is formed by a vertical stretch- 
ing of the heraicellulose ring (Fig. 29C), except for the persistent portion 



Fio 30 — DuKHim ahowiiiK the distnlmt i of mother-cell wills to daughter cells In 
Oedogon%um W ills of the first cell gencr ition sre t»h idcd 1)1 ic k those of the second genera- 
tion arc in stipple, and tho'^e of the third gen i ition are unshaded 


of the parent-cell wall at the upper end — the apical can After the 
daughter protoplasts have completed theii elongation, theie is a secretion 
of a tranhverso wall which separates them fiom each other. Some 
phycologists describing cdl dnision in Onlogontum hold^ that the trans- 
verse wall is formed immediately after cytokinesis .and that it is pushed 
upward as the lower daughter protoplast clongati's. ^ 

Division of every cel^ in a filament and repeated division of the 
daughter cells would result in alternate cells with and without paps. 
Cells with one, two, three, and more caps would also have a definite 
disposition with respeet to one another (B’lg 30). This theoretical 
condition rarely obtain* in nature, anil frequently the repeated division 
of the distal daughter cell results in a filament in which a cell with several 


‘ StKtoburger, 1880 
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apical caps lies above several successive cells without caps. In some 
species the terminal cell is the only one with caps. 

Vegetative multiplication by an accidental breaking of filaments is 
of common occurrence in certain species, especially those growing in 
free-floating masses. Permanently sessile species rarely multiply by 
fragmentation. 

'-^l species may produce zoospores, and their production is stimulated 
by an increase in the amount of carbon dioxide in the surrounding water. ^ 
22oospores are formed singly within a cell and usually by cells containing 
abundant food reserves. Preparatory to zoospore formation, the 
nucleus retracts slightly from the chloroplast, and a hyaline region 
appears between the wall and nucleus.^ A ring of bl(‘pharoplast granules 
appears about the margin of the hyaline area, and it is quite probable 
that each granule gives rise to one flagellum. Formation of the flagella 
is followed by a transverse splitting of the lateral wall at the apical cap, 
and the zoospore, surrounded by a delicate vesicle, ('merges through the 
aperture (Fig. 3L4-C). Liberation of zoospore and vesicle takes about 
10 minutes. It has been thought^ that the transverse splitting of the 
wall and the pushing out of zoospore and vesicle result from a prc'ssure 
caused by an imbibitional swelling of gelatinous substances s('ereted 
by the protoplast. The vesicle surrounding a z(jospore increas('s in size, 
but it soon disappears, and the zemspore swims freely in all directions. 
The period of swarming usually lasts but an hour or so, after which the 
zoospore comes to rest with the hyaline end downward, retracts its 
flagella, and develops a holdfast that attache's it to the substratum 
(Fig. 31^). The type of holdfast depends both upon the species con- 
cerned and upon the nature of the substratum. Species with a rhizoidal 
holdfast have been shown^ to fonn a simi)le holdfast if the substratum is 
smooth and a more or less branched one if the substratum is rough. A 
zoospore secretes a wall shortly after it becomes sessile, but the wall 
differs from that enclosing other vegetative cells in that it lacks a super- 
ficial layer of chitinous material.® 

Zoospores that have ceased swarming and have not become affixed to 
some object may develop a wall, but most oi such one-celled gc'rmlings 
immediately form new zoospores.® Sc'ssile one-celh'd gormlings of niost 
species divide transversely by means of an apical ring similar to that in an 
ordinary cell division.^ Division of the distal cell and the division and 
redivision of its daughter cells result in a many-celled filament; the basal 

^ Gusaewa, 1927, 1930. 

* Gusaewa, 1927, 1930; Him, 1900; Klebs, 1896; Kretschmer, 1930; Oliashi, 1930; 

Pringsheim, 1S58; Strashurgor, 1892. ^ 

•Steineckc, 1929 * Peirce and Randolph, 1905. ® Tiffany, 1924. 

• Fritsch, 1902; Wille, 18874. ’ Him, 1900. 
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cell formed by the first division does not divide again (Fig. 3 IF). Sessile 
one-celled germlings of a few species are hemispherical and do not form a 
ring at the time of the first division Division of these germlings begins* 
with the protrusion of a cylindrical outgrowth from the upper portion. 
When the cyhnder has attained a certain length, there is a transverse 
division of the protoplast at the ] tincture of cylinder and hemisphere and a 
formation of a cross wall between the two. 



Fig 31 -Oedogomum spp I C Iihorition of zoospore D, zoospore E F, germlings. 

6 cikinotcs ( X 32o ) 


Oedogonium may aKo form akinetes ® They are formed in chains of 
10 to 40 ‘uid m inflated cells resembling oogonia (Fig 31(r) Theii proto- 
plasts are rich in reserve starch and a reddish-orange oil. Akinetes 
germinate directly into new filaments. 

■^Sexual reproduction is oogamous. It is of frequent occurrence when 
filaments are gro\ving in standing water but is infrequent if they are in 
flowing water.) Each species produces sex organs at rather definite 
seasons of the year. As a rule, species with small cells have a short 
vegetative phase and fruit early in the growing season, whereas those 
with large cells have® longer vegetative period and fruit later in the 
growing season.* 

' Fritich, 1904 * Wille, 1883 ' Tiffany, 1030; Tiffany and Transeau, 1927. 
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^Sexual reproduction may be macrandrow, with antheridia produced in 
filments' of normal size; or nannandroua, with the antheridia produced 
by special dwarf male filaments. Macrandrous species may be bomo- 
thallic or heterothallic. Their antheridia are either terminal or inter- 
calary and are produced by division of an antheridial mother cell. This 
division is quite similar to that of a vegetative cell, except that the upper 
cell, which is the antheridium, is much shorter than the sister cell.^ The 
lower sister cell may, in turn, divide repeatedly and so give rise to a 
series of 2 to 40 antheridia (Fig. Z2A). The protoplast of an antheridium 
may be metamorphosed into a single antherozoid, but usually it divides 
vertically or transversely to form two daughter protoplasts, each of which 



becomes an antherozoid.) Division (,f the antheridial nucleus is always in 
the' transverse axis of the antheiidii in, but the two nuclei may come to lie 
one above the other before cytokinesis. (Liberation of antherozoids i& in 
the same manner as that of zoospores, and the antherozoids are likewise 
surrounded by a vesicle when fii. t liberated (Fig, 32B)) Except for the 
smaller size and fewer flagella, a.ifherozoids of most species are like zoo- 
spores, but those of some species- have flagella longer than the body of the 
antherozoid (Fig. Z2B, C). 

( Oogonia of macrandrous species arc formed by transverse division of 
an oogomal mother cell that may be terminal or intercalary in position. 
The distal daughter cell always matures into an odgonium (Fig. 33). 
Hence, odgonia always have one or more caps at the upper end. The 
lower daughter cell, the suffultory cell, may remain undivided, or it may 
function as an oogonial mother celQ In the former case the oogonia arc 
solitary; in the latter they are in series of two or more. Eac'h oogonium 

^ GiisBewa, 1930; Uhaslu, 1930. * Smith, G. M., 1933; i;fpos8ard. 1930 
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becomes more or less rounded and has a diameter greater than that of 
vegetative cells of the filament ^As it approaches matunty, there is a 
formation of a small poie or a formation of a transverse crack in the 
oogonial wall The shape and position of this opening are quite charac- 
teristic for a species and are characters of diagnostic importance in 
separating species from one another The protoplast within an oogonium 
metamoTphosc s into a single egg The nucleus is centrally located within 



B 

Fitr 33 Ooj 5 onia of a micrandrous species of Oedogomum O crassum (Hass) Wittr 
A with the eKg read\ lor fcrtilizition h just ifter fertilization tht intherozoid within 
the oogonium is probally \ &upcnium(iai\ one C zygote after the beginning of wall 
formation ( X 4S5 ) 

a dCA eloping egg,^ but shortly before fertilization it migrates to the egg 
periphery just withm the opening m the oogonial wall^ Eggs ready for 
feitilization ietia« t bhghtty from the oogonial wall and develop a hyaline 
receptive spot external to the nucleus ') 

(The dwait male filameutb of nannandrous specici are produced by the 
germination of special zoospores (andio'ipotes) that are produced within 
tiMtoapoiangia Androspoiangia (Fig 34A) are quite similar in appear- 
ance to the aiithendia of maciandrous species If a nannandrous species 
is one with mdrosporaligia and oogonia borne on the bame filament, it is 
gynandrosporoua, if the two are borne on bcparate filaments, the species is 
Klebalui, 1892, Ohashi, 1930 
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idioandrosporoua^^All natinandrouB species are heterothall ic. Ai^ g)- 
sporangia, similar to dhihendia, are produced by unequal division of a 


iflOtheF cell. Only one androspore is formed withiu an androsporangium, ‘ 
andV when it is 'fiKSfTOerated, it is surrounded by a vesicle. After the 


ve^cle disappears, the androspore swims freely in all directions until it 
comes in the vicinity of an oogonium or a developing oogonium. It then 
becomes affixed and germinates to form a dwarf male filament — the 




Fig. 34. — Sexual reproduction of a nannandroiis ppecies of Oedogonium, O. concatenatum 
(Haas.) Wittr. {Andr., androsporangium; Anth.t antheridium; Nann., nannandrium; 
OOg,, oogonium; OGg.M.C.y odgonial mother cell; Suf. C'., suffultory cell.) (X 325.) 

(Hass.) Wittr., come to rest upon oogonial mother cells not yet divided 
into oogonium and suffultory cell (Fig. MB-C). These species regularly 
bear their nannandria upon the suffultory' ceH. Other species usually 
liberate androspores after division of the oogonial mother cell, and their 
nannandria may be perched upon either oogonium or suffultory cell. 
fOn^-celled germlings of nan nandria are, except for their smaller size, quite 
like germlings developed from zoospores. One-celled germlings of most 
species function as antheridial mother cells and cut off one or more 
antheridia at their apices (Fig. 37 B ) . The lower pttrtion of the antheridial 
mother cell is never completely used up in the formation of antheridia and 

1900; Tiffany, 1930. 
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persists as a stipe supporting the antheridia.*^ 

pn^eridium divides to form two antherozoids, each with an apical crown 
of flagelK^ “ “ ' ‘ ^ 

( It is generally agn^ed that nannandrous species have been evolved 
from macrandrous ones. Some phycologists think that this has been 
brought about by a gradual reduction in size of male filaments of hetero- 
thallic macrandrous species. The occurrence of macrandrous species 
with somewhat smaller male filaments^ and the precocious formation of 
antheridia by young filaments of hcterothallic species® are held to be 
evidence for this. The similarity in structure and development of andro- 
sporangia and macrandrous antheridia indicates, however, that andro- 
sporangia have been evolved from antheridia. Androspores are, in a 
sense, macrandrous antherozoids that always develop parthenogeneti- 
cally,^ but which still retain sufficient of their gametic nature to swim to, 
and germinate upon, oogonia or cells related to, them. ) 

* Oogoiiial development of nannandrous sp(‘cies is identical with that of 
ma(*randrous species. 

/ F(‘rtilization^ in both nannandrous and macrandrous species is by the 
antherozoid swimming through the opening in the oogonial wall and 
entering tin* (*gg at tin* hyaline rcce])tive spot^(Fig. 33A-fi). The male 
and f<*inale nuclei unite with each othei* in a resting cornlition and their 
fusion takes plac(‘ soon after entrance of the antlu'rozoid.® The zygote, 
which is somewhat n^tracted from the ocigonial wall and of a different 
shape, begins to secrete a w^•dl as soon as it is formed (Fig. 33C). Walls of 
mature zygotes arc usually composed of three layers, but some species 
have a wall wdth tw^o layers only. The layer outside the innermost may 
b(‘ smooth, but more often it is ornamented with pits, scrobiculations, 
reticulations, or costae. The color of the protoplast in a ripening zygote 
changi's from gi-ecn to a reddish brown, largely because of an accumula- 
tion of a roddisli oil, 

'Some spc'cies have a regular de\ elopmeiit of unfertilized eggs into 
partheiiospoH's; other species have a disintegration of eggs that are not 
fertilized. Partlamospores have a zygote-like wall, but they may be 
distinguished from zygotes by the fact that they completely fill the 
oogonial cavity and are of the same shape as tin* oogonium.^ 

Th(* zygote is eventually liberated from the filament by a decay of the 
oogonial wall. It usually undergoes a further period of rest before 
germinating, and this may regularly last for a year or more.^ Durifig the 
ripening there is a redin*tional division of the zygote nucleus to form four 

1 Him, 1900; Tiffany, IgSO. » Him, 1900; West, 1912. 

3 Fritsch, 1902A. * Schaffner, 1927. 

6 Him, 1900; raobahn, 1892; Ohashi, 1930; Pringsheim, 1858. 

® Gussewa. 1930; Klebahn, 1892; Ohashi, 1930. » Mainx, 1931. 
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haploid nuclei.* Shortly before germination the protoplast becomes 
green and divides to form four daughter protoplasts, each of which 
becomes a zoospore.* The zoospores lie within a common vesicle when 
first liberated by a bitting of the zygote wall, but the vesicle soon dis- 
appears. The swarming and subsequent development of the zoospores 
into filaments are identical with those of zoospores produced by vegetative 
cells. In one macrandrous heterothallic species, it has been shown* that 
two of the four zoospores develop into male filaments and the other two 
into female filamentsj Under certain cultural conditions, the zygote 
nucleus of this species divides equationally, and two diploid zoospores are 
formed when the zygote germinates. Both zoospores give rise to female 


filaments, but filaments which are double the size of haploid ones. 

DER 8. ZYGNEMATALES 

IP^The Zygnematalcs (CJonjugalcs) differ from all other Chlorophyceae 
in their lack of flagellated reproductive cells and their sexual reproduction 


by amoeboid gametes. The organization of the protoplast is also 


distinctive 


The order includes some 38 genera and 2,750 species, all fresh-water in 
habit. 

krhe cells may be solitary or united end to end in imbranched filaments 
Cell walls of Zygnematales are geneially composed of two concentric 
layers: a^ellulobe layer next to the protoplast and an outer layer of pectie 
material.t Filamentous Zygnematales aie usually slippery to the touch 
because of the mucilaginous sheath of pectose Nybe chloioplasts are of 
three general types: peripheral spirally twisted bands extending the 
length of the cell; an axial plate extending the length of the cell; or two 
stellate chloroplasts axial to each other; There are many modifications 
of the last-named type among(jhe Desmidiaceae, and many members of 
this family have ‘‘stellate’^ chloroplasts from which the central mass has 
entirely disappeared. 

SjNone of the Zygnematales forms asexual reproductive bodies. \ All 
genera repi oduce sexually by a fusion of amoeboid gametes. Gametes are 
formed singly within a cell, and in most genera all of the protoplast is used 
in produ(‘tion of a gamete. Gametic union may bo through a tubular 
connection estabH«?hed between two cells, or the gametes may escape from 
their enclosing walls at the time they fuse with each other. The zygote 
develops a thick wall and enters upon a period of rest before it germinates. 
The fact that all cytologically investigated species^ have a reduction 


' Gussewa, 1930; Mainx, 1931 ^ 

* Gussewa, 1930; Jurdiiyi, 1873; Mainx, 1931; Pringsheim, 1858. 

« Mainx, 1931 

* K^uffmann, 1914; KurssanoV, lOll^Potthoff, 1927f Trondle, 19U. 
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division of the zygote nucleus seems to justify the assumption that vegeta- 
tive cells of all Zygiiematales are haploid. Depending upon the genus, a 
germinating zygote gives rise to one, two, or four new plants.^ 

(Many phycologlsts consider the Zygnematales a class coordinate with 
the Ghlorophyceae or a subclass of the Chlorophyeeae. Whether they 
are to be considered a group greater in magnitude than an order depends 
upon their relationship to other Chl()roi)hyceae. If they represent a 
phylogenetic series evolved directly from the Volvocales (but with all 
intermediates lost), they ni:iy possibly merit recognition as a subclass. 
The occasional occurrence of amoeboid instead of flagc'llated gametes in 
Chlamydomonas^ and the presence of various types of cliloroplast in this 
genus suggest the possibility of a derivation of the Zygnematales from 
one-celled motile ancestors. On the other hand, cells of Zygnematales 
have the same ability to divide vegetatively as is found in the tetra- 
sporiiie specie's of Chlorophyeeae. Primitive and advanced tetrasporihe 
Chlorophyeeae also have the capacity to form amoeboid instead of 
flagellated reproductive cells.- There is, therefore, an equal possiHlity 
that the Zygnematah's are an offshoot from the tetrasporine liiieAhat 
may have arisen ai an early or a relatively late stage in evolution of 
the tetrasporine seri(\s. ' 

Most phycologistvS divide the Zygn(*matales into two families: one 
containing the truly filaiiK'ntous genera; the other the unicellular genera 
and their relati\ ('s (collecti\ ely know n as the drsmids). Modem students 
recognize two distinct series among the desmids and give each the rank 
of a family. 


FAMILY 1. ZYGNKMATACEAK 

' The Zygneinalaceac' have cylindrical cells that are permanently 
united in uiibraiiched filaments. The cells have unsegmeiited walla that 
are without pores. The protoplast may contain one or more peripheral 
spiral ribbon-shaped chloroplasts, a single axial laminate chloroplast, 
or tw^o axial stellate chloroplasts. At the time of sexual Reproduction 
there is an establishment of a tubular connection between two cells and 
never an escape of the amoeboid gametes from the surrounding walls. 
There are aboul 10 genera and 380 species, all fresh-water in habit. 
The well-known Spirogyra is a member of the family. Zygnema^ with 
some 66 species, is also widely distributed. It has cells with two stellate 
chloroplasts, but one may not be certain that any vegetative filament 
with such cells is Zygiiema^ Ix'cause cells of certain other Zygnemataceae 
also have two stellate chloroplasts. The cells of Zygnema are cylindrical 
and usually with a length not more than twice the breadth. Lateral 
walls of filaments of Zygnema rarely have a thick pectose layer,® and there 
' Paaoher, 1918. * Pai^ther, 1915. * Tiffany, 1924. 
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is never the refolding (replication) of the transverse wall that is found in 
certain species of Spirogyra. Most filaments have all cells alike, but 
occasionally^ certain cells of a filament develop rbizoid-like outgrowths 
Qutptera). 

Protoplasts of Zygnema contain two stellate chloroplasts that lie axial 
to each other in the longitudinal axis of a cell (Fig. 35A). The chloro- 
plasts have numerous delicate to massive strands extending to the plasma 



Fig. 35. — Zygnema spp. A, maturo vegetative eells. 7?, recently divitled colls. C E, 
stages in sexual reproduction. ( X 430.) 


membrane. A chloroplast has a single large x>yrenoid at its center. • The 
cells are uninucleate, with the nucleus eihbedded in a broad strand of 
cytoplasm connecting the two chloroplasts. Division of the nucleus is 
mitotic.^ It usually begins early in the evening and is often completed 
shortly after midnight. 

Cell division follows very shortly after nuclear division; it is transverse 
and due to an annular furrowing of the plasma membrane midway 
between the ends of a cell. In cell division each daughter cell receives 

^ Borge, 1894; Iyengar, 1923. 

^Escoyez, 1907; Merriam, 1906; van Wiaselingh, 1913. 
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one of the chloroplasts of tho parent oell. The nucleus of a recently 
divided daughter cell lies lateral to the chloroplast and midway between 
the poles of the cell (Fig. 35B). Later on there is a division of the chloro- 
plast, accompanied by a division of the pyrenoid and a migration of the 
nucleus to a position midway between the two daughter chloroplasts.' 

Cell division iiuTeases the number of cells in a filament but does not 
result in a direct increase in number of filaments. Zygnema may repro- 
duce vegetatively by an accidental severing of filaments, and the rapid 
increase in numb(»r of them when the alga is growing in quiet water shows 
that this is an efficient method of reproduction. In very rare cases there 
is a vegetative multiplication by disjunction into individual cells or into 
fragments witli a few colls each. One terrestrial species has been reported* 
as forming thick-walled resting cells. Such thick-walled cells of Zyg- 
nemataceae are usually called ^^akinetes/* but they are not strictly com- 
parable to the akinetes of Ulotrichales and other Chlorophyceae because 
there is not a true spore wall fused with the wall of the vegetative cell. 

Cells of Zygnema may also have a rounding uj) of the protoplast and a 
secretion of a thu k wall about the retracted protoplast. For any given 
specie's, the structure and ornamentation of the special walls surrounding 
these bodies are id('nti(‘al >\ith wafi structure of zygotes. It is therefore 
much more fitting to term them parthenospores or azygotes (azygospores) 
than to call them aplanospon's. The gametic nature of parthenospores 
is ch'arly eviilent in conjugating filaments when they result from the 
failure of gamete's to unite with one another. Practically all collec'tions of 
fruiting Zygnema contain one or more parthenospores of this nature. A 
few species n'gularly form parthenospores in greater number than zygotes, 
or form parthenosjiorcb only. 

There is a marked seasonal periodicity of sexual reproduction and 
each species usually fruits at a definite time of the year. Most species 
fruit in the spring. The time of fruiting of Spirogyra has been shown® to 
be directly correlated with the ratio between the surface and volume of the 
cell, and the same is thought to be true for Zygnema. Vegetative cells 
of Zygnema function directly as gametangia, and each cell produces a 
single nonflagellate gamete. All cells of a filament are potentially 
capable of producing gametes, and at the time of fruiting there is a simul- 
taneous production of gametes by all or almost all cells of a filament. At 
the time of gametic union the gametangia are connected in pairs by a 
conjugation tube. The tubular connection may be established between 
cells of different filaments (scalariform coniugation) or between adjoining 
cells of the same filament (laieral conjugation). Conjugation of Zygnema 
is usually scalariform. 


^ Kscoyez, 1907; Mernam, 1906. 


• De Puymaly, 1922A, » Transeau, 1916. 
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Scalarifonn conjugation begins with an approximation of two fila- 
ments so that they lie side by side throughout their entire length. Small 
dome-shaped protuberances next grow toward each other from opposed 
pairs of cells, and each protuberance elongates until it becomes a short 
cylindrical outgrowth (Fig. 35C). The cylindrical outgrowths from 
opposite cells come in contact; the wall of each is digested at the point of 
mutual contact; and with the establishment of the opening the two oiit- 
growths become a conjugation tube. In some species both gametes 
become amoeboid and migrate into the conjugation tube where they fuse 
with each other to form the zygote In other species one of the gametes 



(the male) is actively amoeboid, and the other (the female) is passive 
Gametic union in such species takes place m the female gumetangium 
(Fig. 35D). Sexual differentiation in these species may be recognizc'd 
at a relatively early stage of conjugation bet ause of the earlier shrinkage 
of the male protoplast and its rotation so that the two chloroplasts stand 
perpendicular to the developing coniugatiou tube 

Union of the two gamete nuclei in a zygote may take place at once or 
may be delayed for a time (Fig 35E) The four c hloioplubtb pcrsi&t for 
a time, but there is an eventual disintegration of the two lying in the 
short axis of the zygote, ‘ and it is very probable that the dc^geucrating 
chloroplasts were contributed by the male gamete (Fig 36 B D), Devel- 
opment of a wall about a zygote begins cpiite early, but it does not become 
fully developed for seveial weeks. A mature wall coii'.ists of a thin inner 
layer of cellulose, a thin outer layer of cellulose or pectose, and a thick 
median layer of cellulose that may be more or less chitinized.® The 
coloration and ornamentation characteristic of a zygote of a particular 
species are usually developed in the median wall layer. The zygotes 
are eventually liberated by a decay of the gametangial or the conjugation 
tube walls. They rarely germinate as soon as they appear to be mature; 
and it is very probable that in the majority of species there is no germina- 
tion imtil the spring following their formation. 

* Kurssanow, 1911. * Tiffany, 1924. 
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Prior to germination there is a reduction division of the zygote 
nucleus (lig. 36). Three of the resultant haploid nuclei degenerate; the 
fourth remains unchanged until the zygote germinates (Fig. 36Z)-F). 
At the time of germination there is a rupture of the two outermost zygote 
wall layers. Ihc protoplast, still surrounded by the innermost wall 
layer, may escape from the outer layers (Fig. 36(?-7) or only partially 
escape from them. 2 In cither ease it divides transversely, and the two 
daughter cells divide and redivide to form a filament. 

FAMILY 2. MESOTAENIACEAE 


The Mesotaeniaceao, the ‘^saccoderm” desmids, have uninucleate 
cells of various shape, and they may be solitary or united in simple 
filaments. The c(dl walls are without pores, and dividing cells do not 



Fig. «37. — VoRotativo relKs of various Mesotaeniaceao. A, Spirotaenia condenaata Br6b. 
/?, ^fclrium digit ua (J^Jhr.) Itz. and Xlotho. C-E, M paotaenium Grcyii var. breve W. West. 
{A-H, X 4U0; C~E, X 485.) 


have th(^ regeneration of a new “half cell" that is found in “placoderm” 
desmids. Conjugation is generally by means of a definite conjugation 
tube. 

ThG family includes 7 genera and about 75 species. All species are 
fresh-water in habit, and ino.st of them are restricted to soft waters. 

Cell walls of iVIcsotaeniaccae (Fig. 37) are imsegmented, without 
pores, and never impregnated with iron compounds.* Most genera 
have a wall composed of tw'o concentric layers, but some have one with 
three layers. Thc*innermo.st layer consists almost wholly of cellulose 
and the outemroat almost wiiolly of pectose. The gelatinous pectic layer 
may be quite broad, and in some cases sheaths of cells are confluent with 
one another to produce an amorphous mucilaginous mass containing 
many cells. 

Chloroplasts of Mesotaeniaceae are of the same three types that 
are found in the Zygne^ataceac.^ Cells of the three types have their 
nuclei localized as in the corresponding typos among the Zygnemataceae. 

‘Kurssanow, 1911. » DeBary, 1868; Kurasanow, 1911. 

* HSfler, 1926; I.titkeraOller, 1902. * Carter, Nellie, 19194, 19204. 
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The meager accounts of cell division among Mcsotaeniaceae^ indicate 
that the method of division is identical with that of Zygnemataccae. 
Increase in length seems to take place throughout the entire length of the 
daughter cells and not, as in Desmidiaceae, by the formation of a new 
semicell. Cell division is usually followed by an immediate separation 
of the daughter cells as a result of disintegration of the middle lamella 
between them. In at least two of the genera the cells usually remain 
united end to end for several cell generations, but such filaments readily 
dissociate into single cells when disturbed. 

Conjugation has been recorded for all genera. In some genera it is 
of frequent occurrence, in others it is infrequent. The process is initiated 



Fig. 38. — Diagram of the formation and germination of the zygote of NUnum digitus 
(£hr.) Itz. and Rothe. (Dtagram baned upon Puithoff, 1028 ) 


by two cells becoming enveloped by a common gelatinous sheath. The 
pair of cells may lie parallel to, or at right angles with, each other. Con- 
jugation is usually between fully mature cells, but in Nctnum^ it takes 
place between recently divided ones. Most species establish a conjuga- 
tion tube similar to that of Zygnemataceae, and those with a conjugation 
tube have the zygote formed in the tube. • 

Zygotes of Mesotaeniaceae have a thick wall and usually one com- 
posed of three layers. However, these zygotes do not have the elaborate 
sculpturing and spinescence so often found in those of Desmidiaceae. 

Two genera have been shown® to have a reduction division of the 
nucleus in a ripening zygote and a formation of four functional nuclei. 
One genus^ has the fusion nucleus dividing reductionally to form two 
functional and two nonfunctional nuclei (Fig. 38). The nuclear divisions 
are followed, respectively, by a division of the j)rotopIast into four or into 
two daughter protoplasts. This may take place before or after rupture 
of the outer zygote wall layers. 


FAMILY 3. DESMIDIACEAE » 

The Desmidiaceae, the ‘‘placoderm"' desmids, have cells which may be 

solitary, united end to end in filamentous colonite, or united in amorphous 

» DeBary, 1858; Kauffmann, 1914; West, 1915. » Potthoff, 1928. 

» Kauffmann, 1914; Potthoff, 1928. 


CHLOROPHYTA 


85 


coloiilSfi. In all but two genera the cells have an evident median con- 
striction (sinus), dividing them into two distinct halves (semicells) joined 
together by a connecting zone (the isthmus). Colls of various genera are 
diverse in foim, but all of them have walls that are transversely seg- 
mented and with vertical pores* Conjugating cells usually have their 
protoplasts escaping from the surrounding walls as they unite to form a 
zygote. 



Tiu iO \oKotTti\o ctlli of ^ ^nous Desmidiarcao. A, Xanlhtdium aniilopaeum var. 
polymazum ii Clo^hruim monilifoivit i,Borv) > hr C, ^tauraUr^m curvatum 

W. West I). Co'^manum rcniformt (Ralfs ) Arch E, Euahtrum a^iiwUalh, F, Micra^ 
sUnas apiculata (hhr) Meuegh O', Dcsmvhum Aptogonum Urfb. (X 400.) 

There are 21 genera and borne 2,300 bpecies, all fresh-water. Desmi- 
diaceae are found spaiingly intermingled with free-floating algae e^feIy- 
where, but collections rich in species and in number of individuals are 
usually made only when the waters have a pH of 6 to 6. Most genera 
are immediately recognfeahle because their cells are transversely con- 
stricted into two symmetrical halves. Generic distinctions are based 
entirely upon shape and structure of vegetative cells (Fig. 39). Specific 
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distinctions are based 4n part upon cell shape and in part upon ornamenta- 
tion of the cell 'wall. In many genera the cell must be examined in both 
front and vertical view before the species can be determined with 
accTiracy. 

'■^alle of all Desmidiaceae have three concentric layers. The inner- 
most layer is thin and composed entirely of cellulose; the median layer is 
somewhat thicker and has a substratum of cellulose that is impregnated 
with pectic compounds; the outer layer is a gelatinous sheath of pectose 
that may be narrow or very broad. The two inner layers are perforated 
by vertical pores' that are usually arranged in a definite pattern. Pores 
may be present on all parts of a wall except the isthmus, or they may be 
localized in definite parts of each semicell. The pores are filled with a 
pectic material that is often of a tougher consistency than, and extends 
into, the watery sheath of i)ectic material. Sometimes the gelatinous 
material extending through the pores is evident in living cells, but more 
often it is only evident when the walls hav’e been stained with special 
ret^ents.' Many Desmidiaceae hav'C brown cell walls because of an 
impregnation with iron salts. The salts ai e localized chiefly in the median 
layer, and they may be uniformly distributed over tlie entire layer or 
restricted to certain portions of it.'* Many Desmidiaceae mov'c over the 
bottom and toward the side when they are placed in an aquaiium 
Movement is in a series of jerks, and it has been shown’ to be intimately 
connected with a localized secretion of gelatinous material through pores 
at one end of the cell. 

In the vast majority of Desmidiaceae theie is at least one chloroplast 

in each semicell.* A few cpecies with vciy wnall rtlls have a single 
chloroplast extending the entire length of the cell. Semicells with one 
chloroplast have it axial in position; those with tvv'o chloroplasts usually 
have them axial and lateral to each other. Species with four or more 
chloroplasts in each semicell have them paiietal in position. There is 
great ^versity in the profile of chloroplasts from species to species, and 
in many cases the outline* is further complicated by platc-likc outgrowths. 
In some species there is little vaiiation in form of the chloroplast from 
cell to cell; in other species there is so maiked a tendency to vary that 
the majority of individuals do not conform to .any given, type. Small 
chloroplasts regularly have but one or two pyrciioids, which arc more or 
less median in position; large massive chloroplasts usually have numerous 
indiscriminately scattered pyrenoids 

Certain genera writh elongate cells have a spherical vacuole at each 
end of the cell. The vacuoles contain one or more vibrating granules. 

‘Lutkemullcr, 1902. » Hofler, 1926. ‘ 

• Kleba, 1886; Kol, 1927; Schrftder, 1902 

* Carter, Nelbe, 1919A, 1919B, 1920, 19204. 
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The granules have been shown ^ to bo crystals of gypsum, and it has been 
held- that they function as statoliths. 

ihe nucleus always lies at the isthmus and is often connected with 
string-like extensions of the chloroplasts. This connection is quite 
firm and persists even when the nuclei have been laterally displaced 
by centrifuging.® In the few cases where nuclei have been studied 
cytologically,^ they have been shown to have a conspicuous nucleolus and 
a more or less well-defined chromatin-linin network. 

There have been no critical iiwestigations of cell division (Fig. 40) 
among genera whose cells have a consjficuous isthmus. It is well known 
that Dcsmidiaceae with this type '^of cell have di\ision of the nucleus 
followed by an elongation ol ihe isthmus* There is next a transverse 



Tig 10— Cell (Inmon iii Sphu rososma Aubahanum vai ArchtJti (Gutw ) W and G S. 

West. -1, umlnukd cell B E, suttcbbuc s< igcs m division (X 7d0 ) 

division at the elongated isthmus, alter whuh the portion of the isthmus 
attached to ('ach old semicel) enlaigt^s to foim a new seinicell Division 
of the chlo^o])la^t or ( liloroplasts in each of the oiigiiial bemiccllb takes 
place during dexelopment of the new ^einicells. New pyicnoids may be 
foirned by a division ot those piesent in a chloroplast® or may be formed 
(fe novo."' Occasionally there is a complete or incomplete failure of cell 
division as the isthmus ^taits to elongate. Continued enlargement 
of the isthmus results in a monstrous cell in which an abnormally shaped 
structine is inter(*alated betweini two scmicells. 

Aplanospores ha^e been recordc'd for a few '^pecies, but most of these 
so-called aplanospores are ])attlienospores. Possibly the spore-like 
bodies formed in cells of one genus® aie tiue aplanospores since their 
shape is not the same as that of the zygotes. 

Zygotes (Fig. 41) have been descrilied for many species of Desmidia- 
ceao, but they are of infre(iiieiit occurrence and one is rarely fortunate 
enough to collect material rich in fruiting specimens. Conjugation 
usually takes place between fully mature cells, but sometimes it is 
betwofui recently divided ones. In some cases the juvenile conjugating 

^Fi’»thcr, ISSt * Stcmockc, 1926 ’Carter, Nellie, 1919A. 

^ Actou, I916j KlrhMhii, I891j Lutinon, 191 Ij Potthoff, 1928^ 

* Acton, 1916 *• Roy and Bissett, 1893 1894. 
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cells are dster cells. Conjugation of solitary free-floating species takes 
place between two cells that lie within a conunon gelatinous envelope. 
'All but four or five species form a single zygote within the common 
gelatinous envelope. The four or five exceptional species form twin 
zygotes, and in certain cases this has been shown to be due to conjugation 



Fio. 41. — Zygotes of Desinidiaceae Straurasttum fucigerum Br6b. Arthro- 
desmus incus var. extensua Anderss. C, Cloatenum caloaporum Wittr. (A, C, X 300; 
B, X 600.) 


in. pairs between four young daughter cells lying within a common 
envelope. Almost all unicellular species have the two cells within an 
envelope breaking open at the isthmus and both protoplasts moving 
out from the cell walls and meeting midway between the two. A few 
unicellular^ and filamentous^ species develop a conjugation tube. Species 
with a conjugation tube generally have the zygote formed in the tube. 



Flo. 42. — Diagram of the formation and germination of the zygote of Coamarium. 
{Diagram baaed upon Klehahn, 1891.) 


Zygotes of Desmidiaceae have a wall composed of three layers. The 
outermost layer often develops spines or warts distinctive of the species. 

Gametic union (Fig. 42) is followed by a fusion of the two nuclei. 
Species with a single chloroplast contributed by each gamete have one 
chloroplast disintegrating as the zygote matures;* those with two chloro- 
plasts from each gamete have two chloroplasts disintegrating.* Three 
genera have been shown® to have two successi^^ divisions of the fusion 

*Scherffel, 1928. ’ Carter, Nellie, 1923. ’ Potthoff, 1927 

* Klebahu, 1891. * • Klebahn, 1891; Potthoff, 1927. 
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nucleus, followed by a partial disintegration of two nuclei formed by 
the second division. Division of the zygote nucleus has been shown^ 
to be meiotic in one of the genera, and the same is probably true of the 
other two. In all three genera the protoplast of a germinating zygote 
divides into two daughter protoplasts, both of which contain a single 
chloroplast, a functional nucleus, and a degenerating nucleus. Each 
of the two protoplasts develops into a vegetative cell after liberation by 
a rupture of the zygote wall. A fourth genus has been described^ as 
having a fonuation ot four nuclei within a rii)ening zygote and a produc- 
tion of one, two, three, or four cells by the germinating zygote. 

OR DER 9. CH LOROCOCCALES 

Cells of ChloroecK'cales may be solitary or colonial and with either 
a definite or an indefinite number of cells in a nonfilamentous colony. 
Cells may be uninucleate or multinucleatc, but in neither case do they 
divide vegetatively. Asexual reproduction is by means of zoospores or 
autospores. Sexual reproduction, when present, is by a fusion of 
biflagollate gametes. 

The order includ(‘s al^out 90 genera and 700 species. Almost* ail 
of the species are fresh-water, and many of them are found only in the 
plankton of ponds and lakcss. 

The Chloroeoccales lie in the third of the evolutionary lines from 
the motile unicellular condition (page 25). In this evolutionary 
series there has been an obliteration of all vegetative cell di\isioiis, and 
there is no division of tlie jn'otoplast excei)t immediately before the 
fonnation of zoosi)ores, game! os, or other reproductive bodies. Some 
membeis of the order are unicellular. Others form colonies as a result 
of apposition of zoospores or autospoies liberated from a parent cell or 
as a result of the cells reuiaiiiing Avithiii a common matrix produced by 
a golatinization of the parent-cell wall. Loss of the ability to divide 
vegetatively has not always been ae(‘oini)anied by an obliteration of 
nuclear divisions, and there are multinueleato Chloroeoccales with a 
limited <^r an indefinite' number of nuclei. In some Chloroeoccales with 
an indefinite iiierease in number of nuclei, tlu're is also a tendency toward 
an indefinite increase in length and size of the cell. Evolution along 
this line produced the Siphonales, and there are (‘('rtain borderline green 
algae, as Protosiphon, that s(™o phycologists place among the Chlorococ- 
cales and others among the Sij>honales.^ c 

Some of the Chloroeoccales reproduce by means of zoospores. They 
may be formed by a repeated bijiartition of the protoplast, by a simul- 
taneous eh'avage, or a progressive cleavage. The zoospores are 
usually biflagellate and ovoid to pyriform. Swarming zoospores may 

1 Potthoff, 1927. * Turner, 1922. 
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swim away from one another and develop into solitary vegetative cells, 
or the mass of zoospores may remain wdthin a common envelope and 
become organized into a colony with a definite number of cells. Many 
genera reproduce only by means of aplanospores with a shape similar to 
that of the vegetative cell. Such autospores may separate from one 
another when liberated from the parent-cell wall, or they may remain 
within the gelatinized parent-cell wall. Autospores liberated from a 
parent-cell wall may also remain apposed to one another and produce an 
autocolony with the cells arranged in a specific manner. 

Zoosporic genera may also reproduce by means of flagellated gametes. 
Fusing gametes of most genera are equal in size, but a few genera are 
anisogamous. The zygotes of certain genera develop directly into 
vegetative cells. In one of them, Chlorochytrium, the nucleus has been 
shown to be diploid. Such a condition is quite different from that of 
other Chlorococcales where the zygote is a resting cell and where the 
vegetative functions, especially photosynthesis, center in the haploid 
phase of the life cycle. 

The Chlorococcales are variously divided into seven to nine families. 
Certain of them (Hydrodictyaceae, Scenedesmaccae) are natural; 
others (as the Oocystaceae and Chlorococcaceae) are more or less artifi- 
cial, and the various genera of these families have but little in common 
aside from the method of reproduction. 

FAMILY 1. CHLOKOCOCCACEAE 

The Chlorococcaceae include the zoosporic unicellular genera in 
which the cells are more or less globose and apparently haploid. The 
cells are usually uninucleate. Chloroplasts are of various shapes from 
genus to genus. Asexual reproduction is by means of zoosi)ores (some- 
times also aplanospores) that separate from one another after liberation. 
Sexual reproduction is by the fusion of biflagella te gametes. 

The family includes about 10 genera and 40 species, all fresh-water. 

Chlorococcum, with several species, is a subaerial alga that sometimes 
grows in abundance on damp soil or on brickwork. The cells may be 
solitary, or they may be gregarious and either in a pulverent mass or 
embedded in a gelatinous matrix. One of the features distinguishing 
this genus from most other unicellular green algae is the striking variation 
in size of vegetative cells of any given species (Fig. 43A-C). Young 
cells are thin walled and spherical or somewhat compressed. Old colls 
have thick walls; walls that are often irregular in outline because of 
local button-like thickenings. Thickened portions of walls are often 
distinctly stratified. Chloroplasts of young c^ls arc parietal massive 
cups, completely filling the cell cavity except for a small hyaline region 
at one side. They contain one pyrenoid. Old cells have a diffuse 
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chloroplast that generally contains many starch grains and some- 
times droplets of oil. The cells are uninucleate until shortly before 
reproduction.* 

There is never an increase in the number of cells by vegetative 
division, and all formation of new cells is due to a germination of zoospores 
or aplanaspores. Reproduction by means of zoospores may take place 
at almost any stage in the enlargement of a cell.* Small cells usually 
form 8 to 16 zoospores; large cells produce many zoospores (Fig. 43D-A’). 
The cells are multinucloate at the time of reproduction, and there is a 
progressive cleavage into uninucleate protoplasts by an inward furrowing 
of the plasma membrane.’ Each uninucleate protoplast is metamor- 
phosed into a zoospore, and the zoospores are liberated through an 
aperture in the parent-cell wall. The zoospores (Fig. 43F) are ellipsoidal 




Fig — Chlo^ococcum humicola (Nar ) Rab A-C, vegetative cells D-Et cells con- 
taining zoospurea F, zoospures ( X 800 ) 

and biflaftollate, and \^ith an oyospot and a rup-shaped chloroplast. 
Uninuoloate jirotoplasts formed by progressive cleavage may develop 
into aplanospores instead of into zoospores. The parent-cell wall 
may burst as the aplanospores begin to enlarge into vegetative cells, 
and most of the enlargement takcb place after the aplanospores are 
liberated,'^ or the aplanosporcb may remain witlim the old parent-cell wall 
until the latter gtdatinizes. This ret»ults in a Pabnella .stage. Cells of 
Palmella stages divide to form two or four naked daughter cells that 
become dagellated and function as gametes.^ 

Sexual reproduction is also by means of biflagellate gametes formed by 
division of protoplasts of ordinary vegetative cells.® These gametes 
are formed in the same manner as zoospores. 

Trebouxia is found both in the thalli of lichens and as a free-living 
aerial alga. Many species have been described, but those found, in a 
majority of lichens cannot be distinguished morphologically from 
T. Chdoniae (Chod ) G. M. Smith. Trebouxia is not the only unicellular 
green alga in lichens,® %ul it is the one most often encountered. The 

* Bold, 1931; Bristol, 1919. * Artari, 1892; Bnstol, 1919. • Btild, 1931. 

* Bristol, 1919. ® De Puymaly, 1924. « Cliodat, 1913. 
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cells are usually spherical, but they may be ovoid or pyriform. The cell 
walls are always thin, and they never have the irregular thickenings that 
are found in walls of Chlorococcum. Trebouna differs from the groat 
majority of genera in the family in having a massive centrally located 
chloroplast that extends nearly to the plasma membrane (Fig. 44A-C). 
The outhne of the chloroplast is usually irregular and lobed. There 
is a single pjrrenoid at the center of a chloroplast. The single nucleus 
of a cell lies at one side of the chloroplast and just within the plasma 
membrane 

There is never a multiplication by vegetative cell division. Repro- 
duction by means of zoospores has been repeatedly observed' when the 


Fiq 44- ’‘Trehouxta Cladontae (Chod ) G M Smith A C \effct ative cells 7>, a cell 
contdiniug apHnobport** ( X ) 

alga is growing m a liquid niodium It is \eTy jirobablc that zoospoies 
are also formed undcu natuial conditions during lamy periods The 
zoospores are subsphorical to subollipsoidal, are biflag^dlate, and have a 
chloropla&t at the posteiior end Libeiatioii of zoospores is thiough an 
opening at one side of the parent-coil wall, and they may escape singly 
through the opening oi be extiuded in a mass ^ In nuist (ases asexual 
reproduction i& by means of autospoi(»s (Fig 447>) instead of zoospoies 
Eight to a hundred or moie of them an' produced within a cell, and they 
may be liberated from the parent-cell wall soon after their foimation 
or they may be retained within the wall until they have giown to a size 
equal to that of adult \egetative cells 

Sexual lepioduction is by the iusion of biflagellate gametes that 
may be of eciual or unequal size ^ 

FAMILY 2 I NDObPIf VERACLVE 

The Endosphaeraceae aie unicellular and generally with largo 
irregularly shaped cells. Most of them grow endophytically witliin 
tissues of rnanne algae, mosses, or angiospenns. Theii chloroplastn 
may be panctal or central in position and witljione or many pyrenoids. 

' Chodat, 1913; Fammtziii, 1914; Fammtzm and Boranetzky, 1867; Jaag, 1929. 

» Jaag, 1929. 
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One genus is strictly parasitic and is without chloroplasts or pyrenoids. 
Beproduction is by means of biflagellate zooids. 

The family includes about 4 genera and 20 species. 

In some species there is always a fusion of the zooids in pairs in 
other species there is never a fusion;* in still other species there may 
or may not be a fusion to form a zygote.* Although our knowledge 
of these algae is still too fragmentary to warrant a definite statement, 
it is not impossible that all zooids are gametic in nature. If this be 
true, the cases where the swarmers germinate directly into vegetative 
cells mast be interpreted as parthenogenesis rather than as an asexual 
reproduction by moans of zoospores. There is also the possibility that 
all species with gametic union are similar to Chlorochytnum Lemnae Cohn 
and have diploid vegetative cells. 

Chlorochytnum, with about 10 species, grows endophytically in other 
plants. Fresh-water species grow within tissues of mosses and angio- 



sperms. Marine species grow within tissues of various membranous or 
expanded Rhodophyceae. The cells of Chlorochytnum arc irregularly 
globose or ellipsoidal (Fig. 45). Walls of mature cells may be thick 
and stratified, or relatively thin and homogeneous. Either type of wall 
may have localized lamellatod thickenings. Chloroplasts of young cells 
are parietal and cup-shaped,* but, as the cell increases in size, the chloro- 
plasts come to fill the entire cell. A cbloroplast may have a smooth 
surface, or it may have* numerous radial projections. Young cells of 
C. Lemiuie Cohn arc uninucleate. As the cell grows in size, the nucleus 
increases in volume but does not divide.® Reproduction is preceded by 
a repeated series of simultaneous nuclear divisions in which the first 
is reductional.® There is a transverse cytokinesis after the ^rst 
nuclear division and a further bipartition after each mitosis. Nuclear 

* Gardner, 1917; Klebs, 1^81. * Bristol, 1917; Reichardt, 1927. 

* Griggs, 1912; Klebs, 1881. * Cohn, 1872. • Bristol, 1920. 

* Kurssanow and Schemakhanova, 1927. 
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division and cytokinesis may continue until 256 uninucleate protoplasts 
are formed. These uninucleate protoplasts are then metamorphosed into 
biflagellate gametes that escape from the old parqnt-eell wall. The 
gametes fuse in pairs^ to form a quadriqagellate zygote that swarms for 
a short time and then settles down upon the host, loses its flagella, 
and secretes a wall. Fusion of the two gamete nuclei may be completed 
before secretion of the zygote walL^ The side of the zygote next to 
the host soon sends out a tubular protrusion that grows between the 
host cells and enlarges at the distal end.® The entire protoplast of 
the zygote moves into the enlarged end of the protrusion and there 
develops into a large vegetative cell. 

FAMILY 3. CHARACIACEVE 

The Characiaceae have sessile elongate cells that may be solitary 
or joined to one another in radiate colonies. The cells arc usually 
multinucleate, although sometimes they are uninucleate. Most genera 
have a single parietal laminate chloroplast containing one or more 
pyrenoids. One genus has cells \\ithout chloroplasts. Asexual repro- 
duction is usually by means of zoospores, but it may be by means of 
aplanospores. Sexual reproduction is by a fusion of biflagellate gametes 
that may be of equal or unequal size. 

There are about 6 genera and 55 species, almost all of which are 
fresh-water. 

CharaciuMy a genus with about 40 species, u.sually grows upon other 
algae, submerged angiosperms, or various aquatic animals; but it may 
grow upon submerged woodwork or stones. The cells may be sub- 
1 spherical or Ovoid, but more often they an* elongated and fusiform or 
! cylindrical. They are sessile and usually attached to the substratum 
by a more or less elongate stipe cxi)anded into a small disk at the point 
of attachment to the substratum (Fig. 45A-5). The cells may grow 
isolated from one another, or they may be piesent in such abundance 
that they form a continuous stratum. 

Young cells are uninucleate and wdth a parietal laminate chloro- 
plast. As a cell grows older there may be a repeated nuclear division 
until 16, 32, 64, or 128 are present in the ccll,^ or the cell may remain 
* uninucleate until just before reproduction.^ Old cells frequently hav^c a 
diffuse chloroplast containing more than one pyrenoid. 

Asexual reproduction is by division of the protoplast into 8, 16, 32, 
64, or 128 biflagellate zoospores (Fig. 46C). 'Multinucleate cells have 
a progressive cleavage of the cell contents intc^uninuclcatc protoplasts. 

1 Cohn, 1872; (iardner, 1917; Kurssanow and Schema khanova, 1927. 

* Kurssanow and Sohemakhanova, 1927. * Cohn, 1872. 

* Smith, G. M., 1916. » Carter, Nellie, 1919C. 
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Cells that are uninucleate at maturity have a repeated division of the 
nucleus just before reproduction and a division of the protoplast after 
each mitosis.^ The zoospores arc liberated through an opening at the 
apex or at the side of the parent-cell wall. They mjiy escape singly 
through the opening, or they may be discharged in a mass surrounded 
by a delicate vesicle. At the end of the 

swarming period a zoospore becomes X a 

affixed to some firm object, retracts its \ X 

flagella, and secretes a wall. ^ \ A E \ * SSm 

When sexual reproduction takes place, * y \ 
there is a division of the protoplast into " ^ \ 

biflagollatc gametes. In certain species \ 

the fusing gametes are quite different in \ \ V « 1 Ev / 


FAMILY 4 PIIOTOSIPIIONAC EVE 


The Protosiphonaceae have solitary, X B 
spherical to tubular, multmucleate cells Tiq, - Characium anguatatum 

in which one side maV be prolonged into a ^ ^egetatup cells. B, an 

^ ^ early stage in cleavage to form 

colorless rhizoidal process The cells may zoobpores C, liberation of zoo- 
contain a binglc large reticulate pauetal The liberation at the baaal 

chloroplast or many hmall panetal chloro- probably due to an accidental break- 
plasts. Some genera produce zoospores. ^ ^ 

Others form biflagellate gametes only. 

The family includes five genera, each with a single •species. One 
is marine; the others are fiesh-water. 

Protosiphorij with the single species P hotryonJes (^Kutz.) Klebs. 
usually grows on drying muddy banks of streams and ponds or on bare 
damp soil. It generally grows intermingled with Botrydium, one of the 
Xanthophyceae, quite similar in appearance. Protofiiphon is a unicellular 
alga, i Young plants are short erect tubes wuth the low^er portion color- 
less; older plants have a broadly expanded globose to ovoid aerial green 
portion that is subtended by a narrow^ colorless, simple or branched 
rhizoid Which grows into the soil (Fig. 47^1). /The protoplasts arc 
rnultinucleate and wdth a large vacuole in the aoriar portion. The aerial 
portion contains a single large parietal chloro])last with several irregularly 
shaped perforations. Chloroplasts of mature cells contain several 
pyronoids. The (‘hief food reserve is starch. 

Juvenile cells may multiply vegetatively"* by sending out proliferous 
outgrowths and cutting off the proliferations by transverse septa (Fig. 
47B). Flooding of plants growing on soil is soon followed by a division 


1 Carter, Nellie, 1919C. 


• Schiller, 1924. 


3 Bold, 1933; Klebs, 1896. 
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of the entire protoplast into zooids,* The formation of zooids begins 
\nth an extrusion of water from the protoplast and its shrinking away 
from the cell wall. There then follows a progressive cleavage into 
uninucleate protoplasts as a result of an inward growth of furrows 
from the plasma and vacuolar membranes ? Each uninucleate proto- 
plast is usually metamorphosed mto a biflagellate zooid, but it may 
develop into a uninucleate aplanospore. 



Fio 47 — Protoaitihon botryoidea (Kutz ) Kiebs mature vegetative cell B young 
cell cutting off a proliferation C aplanosporcs />, germination of aplanospore E, 
gametes parthenogcnctio germination of gimetos //, gimetic union young 

zygotes Jf mature zygote (A, C, D, X 230. B, E-J, X 660 ) 

Thalli growing upon drying soil or in strongly illuminated places 
have the protoplast dividing to form a few oi many inultmucleate spore- 
^like bodies (Fig 47C) There is great variation m the size of these 
bodies formed within a single thallus. These aplanosporcs or ‘‘coeno- 
cysts are produced by an inward furrowing of the plasma membrane ® 
The coenocytie aplanosporcs may develop directly into vegetative cells, 
but more frequently there is a piogressive cleavage of their contents 
into biflagellate zooids (Fig 47D) 

Zooids of Protonphon arc gametic in nature, but they may germinate 
parthenogenetically and develop mto vegetative cells (Fig ilE-O). 
Some strains of P botryoides grown in pure cul^ire have proved to be 

* Bold, 1933; Cienkowski, 1855; Kiebs, 1896; Rostafinski and Woronin, 1877. 

»Bold, 1983 
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homothallic and others heterothallic.’ There are also constant differ- 
ences in structure of the gamete from strain to strain. Strains have been 
isolated^ in which the gametes regularly lack an eyespot and pyrenoid, 
regularly have only an eyespot or a pyrenoid, or regularly have both. 
Fusing gametes^ become apposed end to end and then fuse laterally to 
form a quadriflagellate zygote that swarms for a short time (Pig. A7H-I). 
When swarming ceases, the zygote retracts its flagella, becomes rounded, 
and secretes a thick stellately shaped wall (Fig. 47/). Fusion of the 
two gamete nuclei takes place quite early. The walled zygote enters 
upon a resting period before germinating directly into a vegetative cell. 
Studies on division of the zygote nucleus are inconclusive as to’ whether 



Fig 48 Pediaatrum Boryamm (Turp ) Moneeh A, colony B, cell just before 
cleavage into zoospores ( , progressi\c cleavage D-E, after the completion of cleavage. 
(A, X 600, B-E, X 1,000 ) 


its divi-'ion i** equational or reductional ’ Genetic analyses of plants 
produced by gorininating zygotes indicate that nuclear division is 
reductional.' 


FAMILY 5. HYDRODICTY\CE\E 

The Hydro<lictyacoac have* their cells united in free-floating colonies 
in which the number «)f cells is a multiple of two. The colonies are 
formed by an apposition of zoospores at the end of the swarming period. 
The swarming may take place within a gelatinous vasicle extruded from 
the parent cell, or the swarming zoospores may not escape from the 
parent-cell wall. Sexual reproduction is by a fusion of biflagellate 
gametes. 

The family includes 4 genera and about 40 species, all fresh-water. 

Pediastrum, with some 30 species, is a widely distributed alga that 
grows frei'-flouting in pools, ditches, and the plankton of lakes. It rarely 
occurs in abundance. the colonics have 2 to 128 polygonal cells arranged 
in a stellate plate one cell in thickness (Fig. 48A). If a colony has 16 or 

i Moewus, 1935. ’ Bold, 1933; Klebs, 1896. * Bold, 1933. 
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more cells, there is a tendency for the cells to be in concentric rings and 
to have a definite number in each ring. The occurrence or nonoccurrence 
of this regularity of arrangement is determined by factors affecting the 
extent to which zoospores swarm at the time a colony is formed. ^ Periph- 
eral cells of a colony often differ in shape from interior cells. Periph- 
eral cells may have one, two, or three processes; interior cells may or 
may not have them. Cell walls may be smooth, granulate, or finely 
reticulate. Walls of plankton species sometimes have long tufts of 
gelatinous bristles. Young cells have a single parietal chloroplast with 
one pyrenoid; old cells have a diffuse (‘hloroplast that may contain more 
than one pyrenoid. Young cells are uninucleate; old colls may be bi- 
or quadrinucleate.^ 

Every coll in a colony ("coenobium) is capable of giving rise to bi flagel- 
late zoospores, but there is rarely a simultant'ous production of zoospores 
by all cells of a colony. The zoospores are produced during the night 
and arc liberated shortly after daybreak. During the night l)efore 
reproduction, there is a two- or a fourfold increase in the number of 
nuclei (Fig. 485), followed by a progressive cleavage (Fig. 48C E) of the 
coenoeyte into uninucleate i)rotO})lastb that arc' metamorphosed into 
zoos])oros.^ The zoospores produ<*ed by a cell are surround('d by a vesich* 
as they escape from the old cell wall, and the vesieh^ persists throughout 
the period of swarming and for a short time after the new colony is 
formed.^ The number of zoospores is depcuident \ipon the j^hysiological 
condition of the parent cell. For (*xample, cells in a 16-c(41ed colony 
may produce 4- or 8-eelled daughter colonich, or they may imuluce 
daughter colonies with 32 or 64 cells. At the time zoospores are liberated, 
there is a suddtm slit-like rupturing of th(3 outer layer or the parent-cell 
wall and an extrusion of the spore mass surrounded by a sac-like vesicle 
(Fig. 49A). The vesicle is derived from the inner wall layer of the parent 
ceil.'* Tlie zoos|K)res swim freely and aetivedy within the vesicle for the 
first three or four minutes following extrusion; after this they ten<l to 
arrange themselves in a flat plat(' (Fig. 495--/>) and to have their 
motion restricted to a writhing and twitching. Coincident with slowing 
down of movement, the zoospores begin to take on the shape of a vege- 
tative cell, and cell walls are formed within a few minutes after swarm- 
ing ceases. 

In very rare eases the entire protoplast of a cell develops into a thiok- 
walleJ aplanospore. These aplanosporcs (hypnospores) are extremely 
resistant to adverse conditions and have been known® to germinate after 
12 years' desiccation. 

1 Harper, 1916, 1918, 1918.4. ^ {ijmith, G. M., 19164. 

• Aakenasy, 1888; Braun, 1851; Smith, G. M., 19164. * Harper, J918. 

sStr0m, 19214. 
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Pediastrum also produces biflagellate gametes that are formed in the 
same manner as zoospores. » They are spindle-shaped instead of ovoid 
and fuse m pairs to form a spherical zygote. After the zygotes have 



Fio. 4^. -Pediastrum Boryanum (Turp.) Mpnogh. A, liberation of zoospores B 
swariiimn zoospores. 6'- A’, stages in formation of a daughter nolony. (/f to Z) drawn at 
approximately 10-mmute intervals.) {A^ y. B -E, X 1,000.) 




, aoosporos. />, empty zygote and polyedcra. E~F, germiiuitioil of DOlVeder. (AUef 
Palik, 19.33.) {A-B, X 495; C, X 750; D, X 800; B-P, X 625.) ' ^ 

increased greatly in size (Fig. 50A), their protopla.sts divide to form a 
considerable number of biflagellate zoospores.* The zoospores are 
liberated through a larg^ opening at one side of the zygote wall, and they 
swim freely in all directions after liberation (Fig. 50B-C). Upon coming 
> Askenasy, 1888. > Palik 1933 
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to rest they develop into solitary angular cells (Fig. 50Z>). These '^poly- 
eders'^ also increase greatly in size before their protoplasts divide to form 
zoospores. Zoospores produced by polyeders are surrounded by a 
vesicle when liberated.^ They remain within the vesicle and become 
apposed to one another to form a vegetative colony, just as in asexual 
reproduction (Fig. 50E-F). 

FAMILY 6. OOCYSTACEAE 

The Odcystaceae include all of the autosporic Cbloroeoccales in which 
the cells are solitary or in which the cells are united in colonies with an 
indefinite number of cells. There is no other method of reproduction 
other than a formation of autospores. 



Fiq. 51. — Tetrafdron minimum (A Bp) Hansg A, \egetative cell. liberation of 
autospores (''-Cr, stages in formation of autosporcs ( X 1500 ) 

The family includes about 40 genera and 300 species. All species are 
fresh-water, and many of them are known only from the plankton. 

Tetraedron is a unicellular genus with angular c(*lls of various shapes. 
More than 60 species have been described, but many of them are open 
to suspicion since they have not been found producing autospores. 
Some of the questionable species may be resting stages of other green 
algae. Cells of Tetraedron (Fig. 51 A) may be flattened or isodiametric, 
triangular, quadrangular, or polygonal. Angles of the cells may be 
simple or produced into simple to furcate processes. The cell wall is 
relatively thin, and smooth or verru(‘Obc. The cells may contain one to 
many discoid to angular parietal chloroplasts, or there may be a single 
chloroplast entirely filling the cell. C'hloroplasts are with or without 
pyrenoids. Young cells arc uninucleate; mature cells may contain two, 
four, or eight nuclei.^ 

Reproduction is by division of the protoplast into 2, 4, 8, 16, or 32 
autospores (Fig. 51 B-G), They are formed by n^peated division of the 
protoplast and are immediately liberated by a rupture of the parent-cell 

‘ Askenaev. 1888; Palik, 1933. * Smith, G. M., 1918. 
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wall. The reported reproduction by means of zoospores^ is in need of 
confirmation. 


FAMILY 7. SCENEDESMACE \E 


The Scenedesmaceae include all of the Chlorococcalcs reproducing 
solely by autospores, in which the autospores become apposed to one 
another at the time of liberation to form a coenobiuin. 

The family includes about 12 genera and 170 species, all fresh-water 
and many of them planktonic. 

ScenedesmuSf with about 100 species, is a widely distributed organism, 
and the algal flora of practically eveiy body of standing ^aler contains 
one or more species. It often appears in practically pure culture in 



Fio. 52 —Scenedamxta quadncauda (.Turp ^ Brob A, young colony B, old colony 

in which one cell has produced and liberated a daughter colony C-J, stages in formation 
of a daught er colony (XI ,000 ) 


aquariums and in jars of water that have been standing in the laboratory 
for some time. The colony (coenobium) of ^cmpdcRmn^ is a flat, rarely 
curved, plate of ellipsoidal to fusiform colls arianged in a single to double 
series with their long axes parallel to one another The number of cells 
in a coenobium is always a multiple of two; usually 4 or 8, although some- 
times 16 or 32. According to the species, the cell wall is smooth, corru- 
gated, granulate, or spicato and is with or without terminal or lateral 
teeth or spines. Young cells have a single longitudinal laminate chloro- 
plast containing one pyronoid; chloroplasts ot old cells usually fill the 
entire cell cavity (Fig. b2A—B), There is but one nucleus. 

Each cell in a colony is capable of gi\ ing ri.>.c to a daughter colony, 
but there is rarely a simultaneous formation of daughter colonies by all 
cells in a colony. The number of cells in a daughter colony is partially 
dependent upon the physiological condition of the parent cell and may 
be smaller or greater than the number ol cells in the colony to which the 
parent cell bidongs. The protoplast of a etdl about to form a daughter 
colony divides transvqiRaely, and the two daughter protoplasts divide 
vertically (Fig. h2C-I), This may be followed by one or two additional 
iProbst, 1926. 



102 


ALGAE AND FUNGI 


series of vertical divisions.^ The last generation of daughter protoplasts 
becomes autospores that remain laterally united to one another after 
their liberation by a longitudinal rupture of the parent-cell wall. 

ORDER 10. SIPHONALES 

The Siphonales are unicellular, inultinucleate (coenocytic) algae in 
which the cell is generally a branched tubejcapable of indefinite elonga- 
tion. The branching siphonaceous plant body of certain genera is 
amorphous. That of other genera has the branches definitely arranged 
upon an axis or has them intertwined to form a structure of definite 
macroscopic form. Relatively few members of the order produce zoo- 
spores or aplanospores. Almost all of them produce gametes, either in 
undifferentiated branches or in special gametangia. Sexual reproduction 
may be isogamous, anisogamous, or oogamous. 

The order includes about 50 genera and 380 species. Most of the 
genera are marine and found in tropical or subtropical seas. All, or 
a large majority of, the species of a few genera are found only in fresh 
water. Three genera arc parasitic. 

The Siphonales intergrade with the coenocytic Chlorococcalcs, and 
it is a debatable question whether certain coenocytic Chlorophyceae, as 
Proto&iphon, belong to the Chlorococ(‘ales or to the Siphonales. 

The vegetative nuclei of many of the Siphonales are diploid, and in 
these algae there is a reduction division immediately before formation 
of gametes. However, one cannot say that this is characteristic of the 
entire order because there seem to be genera (for example, Vauchcria) in 
which meiosis takes place in the zygote and in which the vegetative phase 
of the life cycle is haploid. 

The fossil record of the Siphonales is vety fragmentary, but it is 
thought^ that they go back as far as the, Ordovician. In spite of the 
flimsy evidence, one is justified in assuming that the Siphonales are an 
ancient series because derivatives from them, the Siphonene veriicillatae 
(page 125) are well represented in the Ordovician. 

The relationships betw'een the present-day Siphonales are obscure. 
Those with the greatest complexity of vegetative differentiation (the 
Caulerpds) are least differentiated as far as reproductive structures are 
concerned. Conversely, the Vaucheriaceae have a very simple type 
of vegetative organization and the most advanced type of sexual repro- 
duction. Because of these difficulties, it is impossible to detennine 
which families are primitive and which are advanced. 

The order is divided into six or seven familiei% Those may be ranged 
in an ascending series according to increased complexity of vegetative 


1 Smith, G. M., 1914. 


* Pia, 1927. 
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structure or according to increased complexity of gametangia and type 
of gametic union. The latter is the usual method, but it is inadequate 
since sexual reproduction is unknown for two of the families.^ 

FAMILY 1. BRYOPSIDACEAE 

Thalli of Bryopsidaceac are unseptate and differentiated into a 
prostrate rhizome-like portion and an erect pinnatcly branched portion. 
Zoospores are unknown, but there may he au asexual reproduction by 
abscission of pinnules. Sexual reproduction is anisogamous, and the 
gametes are produced in pinnules of the erect branches or in outgrowths 
from them. 

There are but 2 genera: Bryopsis with about 30 species, and 
Pseudobryopsis with a single species, l^oth genera arc marine. 

Most speci(‘s of Bryopsis an' found in warm seas, but a few of them 
grow in cold waters. The g('nus is widely distributed along both coasts 
of this country, but nowhere along either of them is it a common alga. 
The rhizome-like portion of the thallus appears to be perennial; it is 
uncertain whether the t'rect braiudxes are annual or perennial. The erect 
axes are pinnatcly brkiudied, and the pimiules may also be pinnately 
branched (Fig. 53-4). Most s]A'cies have the pinnules in two vertical 
rows along the erect axis, but some of them have pinnules arising on all 
sides of an axis. Since the re is a continual abs(*ission of fully developed 
pinnules, the lower half of an axis is generally devoid of appendages. 

Internal to the cell wall is a layer of cytofdasin cojitaining many 
nuclei and many small disciform to spindle-shaped chloroplasts, each 
usually with a single pyrenoid (Fig. 53C). There is a large central 
vacuole inteu-iial l<» the cytoplasm. Vacuoles within pinnules are 
described* as continuous with that writhin the axis, but this is not true 
for the commonest Pacific Coast species, B, corticulans Setchell. The 
protoplasm within an old pinnule becomes se])arated from that within 
the axis by a broad gelatinous transverse wall. In B. plurriosa (Huds.) 
C.A.Ag. this has been described- as arising through an ingrowth of the 
pinnule wall where it adjoins tlie axis. In B. corticulans there seems to 
be a transversp cleavage of the protoplasiii at the base of a pinnule and a 
secretion of a gelatinous cross wall betwH'en the two newdy formed plasma 
membranes. I^ater on, additional w all layers, similar in chemical compo- 
sition to the lateral w^alls, are laid dowm on either face of the gelatinous 
wall (Fig. 53J?). Sooner or later after formation of the cross w^all, there 
is an abscission of the pinnule. In B, corticulans there is a conspicuous 
development of rhizoidal outgrowths at the pinnule base before this 
abscission takes place (Wg. bSB). Pinnules shed from an axis frequently ’ 
develop into new thalli if conditions are favorable. 

^ Fritech, 1935. * Mirande, 1913. 
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Sexual reproduction is anisogamous, and the gametes are biflagellate. 
On the Monjterey Peninsula, California, Bryopais fruits abundantly dur- 



Fio. 53. — Bryopnt eortieularu Setrhell. A, portion of a thalluB. B, basal portion of 
pinnules showing rhizoidal outgrowths after formation of cross walls C, chloroplasts 
within a pinnule. i>, apex of a female plant with empty garnet angia and gametangia 
contaming gametes cross wall at the base of a gametangium F, male gamete. O, 
female gamete. (A, natural size, B, X 21, C, E, X 326, D, X 42; F-C?, X 660.) 

ing the spring and only occasionally during the summer. The same 
appears to be true for plants growing in Kt^opcan waters, since all 
investigators de'scribing sexual reproduction^ collected their material 

* Mirande, 1913; Pringshoim, 1871 ; Zinnockcr, 1935. 
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during the spring. Male and female gametes are produced upon separate 
plants. They are formed within unmodified pinnules separated from 
the main axis by a transverse wall. Occasionally there is also a formation 
of gametes within the axis. Fruiting male plants are macroscopically 
recognizable because of the yellowish color of the fertile pinnae (game- 
tangia), and female plants because of the dark-green color of their 
gametangia. 

Conversion of a pinnule into a gametangium begins with a formation 
of a basal transverse wall. This is formed in the same manner as are 
those of old vegetative pinnae. An increase in the number of nuclei 
follows, and it has been shown' that nuclear division is reductional. 
The protoplast then becomes divided into a large number of gametes 
that lie in a reticulate layer just within the gametangial wall (Fig. 53Z)). 
In B. corticulana the gametes, both mule and female, escape through one 
or more small pores in the gametangial wall. The gametes swarm actively 
within the gametangium and escape singly through the pore. Emptying 
of a gametangium is a slow process and frequently lasts for more than an 
hour. Liberated gametes swarm for several hours, and under laboratory 
conditions those freed^ early in the morning are still actively motile late 
in the afternoon. Female gametes of B. corixculans (Fig. 536) are 
pyriform, usually with two chloroplasts, and have a conspicuous eyespot. 
Male gametes are about a third as large and contain a single chloroplast 
(Fig. 53F). Gametic union is frequent when the two kinds are mixed 
with each other. The zygote soon becomes invested with a wall, and 
there is an early fusion of the two gamete nuclei.' The zygote germinates 
immediately but development into a new plant is slow and germlings four 
months old are but u few millimeters tall and without pinnules. Division 
of the zygote nucleus is equational, not reductional.' 

FAMILY 2. CAULEIIP\.CEAE 

The Caulerpaceae have a one-celled thallus with a rhizome-like 
portion bearing root-like appendages on its lower face and erect shoot- 
like appendages on its upper face. Asexual reproduction is by fragmenta- n 
tion of a thallus. Sexual reproduction is isogamous or anisogamous and 
by means of biflagellate gametes formed by division of the protoplasm 
within the upright shoots. 

There is but one genus, Caulerpa. It has about 60 species^} all are 
marine and almost all of them arc restricted to warm seas. Approxi- 
mately 16 species are known from Florida,* and several of them have been 
found growing at a deptlyif 75 to 80 meters. Caulerpa is not found along 
the Pacific Coast of this country. 


i Zmneckor, 1935. 


* Taylor, 1928. 
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When classified upon an ecological basis^ the species fall into the 
following tliree classes; (1) mud-collecting species growing epiphytically 
upon roots of mangroves, (2) sand- and mud-bottom species that may 
grow in shallow or in deep water, and (3) rock and coral-reef species. 

The one-celled thallus of Caulerpa has a size and an external form 
comparable to that of a vascular plant with a creeping rootstock. The 
rhizome-like portion of a thallus and the rootlct-like rhizoids are much 



Fig. 64. — A, Caulerpa citpresaotdcs (West) C A Ar /?, V ctassifolia (C.A Ag ) J.G.Ag. 
C, C. prohftra (Forsk ) Lamx. ( X ) 


the same from speeies to «^pceies. Ttiero is great variation in form 
of the ercet V)ranchos — the ^‘loafy shools^^; and species have been named 
for the resemblance of their leafy shi>ots to eacti, to yews, to mosses, and 
to lyoopods (Fig. 54). Meehanieal support of the erect slioots is due to 
turgor and to thickness of the cell wall; not, as in ct^rtain other Siphonales, 
to an interweaving of branches or to an iini)regnation with lime. A 
thallus is without transverse walls, but there arc numerous transverse and 
longitudinal rods {trabeculae) of callose and pectic materials (Fig. 55A). 
The function of the trabeculae is uncertain. Possibly they are mechanical 
supports that increase the rigidity of a plant. The multinucleate layer 
of cytoplasm internal to the wall contains mafty disciform chloroplastt 
without pyrenoids. 

^B0rgesen, 1907. 
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Asexual reproduction is efifootcd by a fragmentation of a thallus or 
by an abscission of proliferous shoots. 

Several species are now known^ to produce biflagellate zooids. When 
growing in the Mediterranean, C. prolifera (Forsk.) Lamx. fruits during 
the autumn.^. The production of zooids may be restricted to the foliar 
shoots, or it may also take place in the rhizome. The details of zooid 
formation are unknown, hut, after zooids are formed, they tend to lie in 
reticulate masses within the cell. Formation of zooids is accompanied 



Jk, 55 (fiuhrpa pro! iff ra (Forsk) Lamx A, transverse section of a rhisome. 
H, liberation oi zooiHs i blade with exit xiapillnc. D, de\clopment of exit papillae. 
E, zooids ( I, E, a/ttr JJohtaJ, (" D, afUr ^Schussni{j, 1929 ) 

by a de\el()pmen< of luiinerou^ papillate outgTo\^th'^ upon the surface 
oi the thallus 'rij(»se aie extiusion papillae through which the zooids 
escape (Fig rioC-D), Zoouls are liheraKnl through the extrusion papillae 
shortly after daybreak— sometimes in such quantity^ that small green 
clouds appear in the water about a i>lant (Fig. 55/?). The zooids arc 
pyriform, biflagellate, and liave a single chK)roplast and a conspicuous 
eyespot (Fig. 55B). Gametic union has not been observed in C. prolifera. 

It has been observed' in sc\cral uiiciital species, and one of them [C. 

clavifvra (Turn.) C A.Ag.] has been shown to be dioecious and anisog- 
ainons. Germination of the zygote has not been follow^ed. Fruiting 
of a plant i^ followed by a disintegration and disappearance of the empty 
portion of the thallus. 


FUfILY 3. HALICYSTVCEAE 

The Ilalicystacoae differ from other vSiphonales in that theie is only a 
plasma membrane between the gametangium and the vegetative portion 
of a thallus. 

1 Dostal, 192S, 1929; Ernst, 1931; Iyengar, 1933A; Sohussnig, 1929. 

* Dostal, 1928, 1929; Schussnig, 1929. » Dostal, 1929. 

^ Ernst, 1931; Iyengar, 1933A 
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The single genus, Hahcystia, is a marine algae with three or four 
species. It is widespread, although not common, along the Pacific 
Coast of this country and has been collected at the Dry Tortugas, 
Florida. The Pacific Coast species, H. ovaMa (Lyngb.) Aresch., grows 
epiphytically upon calcareous Rhodophyceae, especially* Lithophyllum 
and Idthothamnion. 

^he thallus is differentiated into a short erect colorless rhizome and 
a large globose green vesicle a centimeter or more in diameter (Fig. 56A). 
i’ The rhizome grows directly downward into the substratum, the vesicle 
"stands above it. / The vesicle has a thick wall with many concentric 
layers. * Within the wall is a layer of protoplasm, and internal to this is a 
large' c&tral vacuole. At the inner face of the protoplasm are many 
small disciform chloroplasts without pyrenoids. The nuclei lie external 
to the chloroplasts (Fig. 56C). The wall of a rhizome is thinner than 
that of a vesicle, but it has many peg-like ingrowths. The rhizome is 
more or less completely filled with a multinucleate mass of cytoplasm 
containing many starch grains. 

Thalli of II. main are perennial; shedding their vesicles in the auriimn 
and regenerating new ones each spring.* Late in the summer there is a 
formation of a cross wall at the juncture of vesicle and rhizome. Shortly 
afterwards there is a development of a transverse line of abscission acroas 
the basal region of the wall of the vesicle (Fig. 56D), which is followed by 
an abscission of the vesicle. The j^ersistent rhizome beconi^s more 
deeply embedded in the substratum from year to year. This is due to 
an upgrowth of the host alga rather than -to a downward growth of the 
rhizome into the alga.^ 

Reproduction of Halicystia is sexual and is effected by a fusion, of 
biflagellate anisogametes.* The two kinds of gametes are produced on 
separate plants and in irregularly shaped gametangia darker in color 
than vegetative portions of a vesicle. Male plants have yellowish-tan 
gametangia; female plants have dark-green gametangia.* Fruiting of 
H. malts is periodic along the Pacific Coast, and gametes are produced 
and liberated during the spring tides of each lunar month.^ 

Development of a gametangium begins with a heaping up of proto- 
plasm in radiate folds at one side of a vesicle (Fig. 57 A). The folded 
region gradually smooths out into an area writh a thickness six to eight 
times^ that of a v^getative portion of a vesicle. The gametangia! area 
also differs from vegetative portions in that chloroplasts and nuclei 
are uniformly distributed throughout it (Fig. 57B), A thin layer of 
protoplasm is then cut off on both the inne^and outer faces of the 

* Hollenberg, 1935. • Hollenberg, 1935; Kuckuck, 1907. 

< Hollenberg, 1935; Snutb, G. M., 1930. * Hollenberg, 1086. 
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gametangial area. This is effected by a lateral fusion of vacuoles devel- 
oped just within the plasma and vacuo^r membranes. The inner layer 
contains a few nuclei but ho chloroplasts: the outer layer is, thicker and 
contains both chloroplasts and nuclei. The multinucleate protoplasmic 
mass between the two layers cleaves progressively into uninucleate proto- 
plasts (Fig. 57C), each of which is metamorphosed into a biflagellate 
gamete. Gametes within a gametangial area of a male plant are small, 
pyriform, with a single chloroplast (Fig. 572)). Those of female plants 



Fio. 66 . — HalicyslU ov<dU (Lyngb.) Aresch. . A, fertile plant liberating gametes. 
B, juvenile plant. vertical section of a portion of the vesicle. D, old rhizome with, a 
cross wall at the juncture with vesicle. (A, X o; B, Z>, X 80; C, X 650.) 


are somewhat larger and contain several chloroplasts (Fig. blE). Game- 
togenesis is accompanied by a localized gelatinization of several small 
areas in the cell wall external to the gametangium. These become the 
pores through which the gametes are discharged. 

The gametes are forcibly and suddenly ejected shortly after day 
break.' Discharge of gametes from plants growing in aquariums may 
be delayed for two or three hours by keeping them in a dark room and 
then bringing them into the light.- Discharge takes place within three 
or four minutes after plants are brought into daylight. The gametes 
are discharged in a green jet that extends from 20 to 40 mm. from an 
i Hollenberg, 1035; Smith, G. M., 1930. 
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exit pore (Fig. 564). The jet disperses within a few seconds and much 
like a puff of smoke. Discharge may be in a continuous stream or in 
several intermittent puffs. Intermittent discliarge may be through the 
same pore or each successive jet may be through a different pore. 

Gametic union follows immediately after discharge and a fusing pair 
have their anterior polos apposed to each other (Fig. 57F). The ilt^ella 
disappear shortly alter the gametes become apposed, and the zygote soon 
becomes spherical and secretes a wall. There is an immediate germina- 



Fig 67 — Hedteystts ovalis (LynRli ) \ro'?oh A C, devolopment of a femalo gamot ingium 
D, male gamete E, female gamete F, gimetic union (X 650 ) 


tioii of a zygote and within a week the germ lulie gruwb to a length four to 
*ix timos the diainet(*r of the zygote.^ The g(4’m tube develops into a 
V anther la-hkii protonematal stage, differentiated into prostrate and 
erect branehes. Prostrate brandies may elongate indefinitely; erect 
ones glow to but a limited height. The probtrate branehes put forth 
rhizoidal branches that penetiate the coralline alga by digesting vertical 
rows of its cells After a rbizoid has become well established within the 
underlying alga, there is a formation of a cross wall between the 
embedded portion and that above the alga, 'fhis is eventually followed 
by a disappearance of the superficial portion of the protonema.^ The 
* Hollenbcrg, 1935 
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persistent rhizoidal portion, now a young rhizome, then produces a small 
vesicle at its distal end (Fig. 56jB). Further development is at a very 
slow rate, and it is very probable that a plant does not fruit until it is 
four or five years old. 

FAMILY 4. CODIACEAE 

The Codiaceae have a freely branched tubular thallus in which the 
branches are interwoven to form a plant body of definite macroscopic 
form. Reproduction is sexual, anisogamous, with the gametes pro- 
duced in gamctangia of distinctive shape. 

^hc family includes some 16 genera and 120 species. All species 
are marine, and a very large majority of them are restricted to warm 
seas. 

Codium, a genus with about 45 species, is found along the entire 
Pacific (^oast of this country and as far north as North Carolina on the 
Atlantic Coas^. The much-branched tubular thallus may have the 
branches interwoven into a jn-ostrate cushion-like mass, into a spherical 
mass, or into an erect cylindrical body with several successive dicho- 
tomous branchings (Vig. 58.4). Erect cylindrical portions of a thallus 
have an axial coie of d('nsoly interwoven colorless filaments from which 
arise lateral branchless, the utrich'Sy that lie in a palisade-liko layer about 
the central axis (Fig. 58R). Each utricle has a large central vacuole and 
a fairly thick lay(‘r of protoidasm belweeii the vacuole and tlie cell 
w\all. Th(‘ chloroplasts, which are disciform and without pyrenoids, lie 
just within the ])lasiiia meinl)rane, and most of them are at the distal end 
of the utricle (Fig. 59.1). The nuclei are minute and numerous, and lie 
internal to the chloroplasts. Filaments of the axial core become blocked 
off here and there by an annular ingrowth of the cell wall. These thick 
transverse septa arc* esp(»cially numerous near bases of utricles. 

Reinoduction of C odium is -,exual and the club-shaped gameiangia are 
developed lateially upon the utricles.^ Two gamctangia are usually 
formed u])on a utricle, but develoimient of the two is not simultaneous. 
Some spc'cies, including the common one along the Pacific Coast — 
C. fragile (Suring.) Hariot — are strictly dioecious; other species have* 
occasional monoecious individuals. On the Monterey Peninsula, Cali- 
fornia, C. fragile fruits throughout the year but most abundantly during 
the summer. 

Gametangial development begins with the outgrowth of a tubular 
projection at one side* of a utricl(‘. A developing gametangium is solidly 
filled with cytoplasm ir^wdiich the nuclei are evenly distributed, and the 
chloroplasts temd to aggregate at the distal end. When a gametangium is 
about two-thirds developed, there is an annular thickening of the wall 

1 Thurct, 1850. * Schmidt, 1923. 
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about its base. This completely separates the gametangial protoplast 
from that in the utricle. Some of the nuclei within a gametangium 
degenerate; others enlarge and divide meiotically into four daughter 
nuclei.* Beginnmg at the babal end, there is next a progressive cleavage 
into uninucleate protoplasts Female gametangia contam a few hundred 
uninucleate protoplasts; male gametangia a few thousand. Each 



Flo 58 — Codtum fragile (Suriiig ) Hanot A, thallus B diagr tinmatic transverse sec- 
tion of a thallus {A, X B, X 21 ) 

uninucleate protoplast is then metamorphosed mto a biflagellate gamete. 
Male gametes are pyriform and contain one or two chloroplasts; female 
gametes are seveial times larger and contain many chloroplasts (Fig. 
59E-F) Male and female gametangia may be distinguished from each 
other even before the gametes are formed because of the golden-yellow 
contents of the former and the dark-green contents of the latter. 

C. fragile grows in the intertidal zone, and its gametes are discharged 
when thalli are reflooded by the incoming tifte. Gametic discharge 
seems to be due to an imbibitional swelling of gelatinized inner layers of 
* Schusanig, 1930; WiUiamB, 1925 
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the gametangial wall. Discharge begins* with a rupture of the lid-like 
portion of the gametangial apex. There is next an extrusion of a anlid 



Fig. 50 . — Codium fragile (Surmg.) Hanot. A, utricle with a young female game- 
tangium. B-C, female gametangia liberating gametes. D, male gametangium liberating 
gametes. E, male gametes. F, female gamete. G, gametio union, /f, germination of 
sygote. {A, X 100; B-C, X 175; D, X 150; B-B. X 600.) 

gelatinous mass of much the same size and shape as the gametangium. 
There is an axial cana^ within the gelatinous mass and the gametes 
exude rapidly through this canal and accumulate at its free end.* Move- 
ment of gametes through the canal is purely passive (Fig. 59B-D) and is 
1 Bortbold in Oltmanns, 1022; G. M. Smith, 1930. 
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due to hydrostatic pressure within the gajnetangium. The passive 
nature of gametes during discharge is shown both by their lack of flagellar 
movement and by their being squeezed to a narrower diameter while being 
ejected through the canal. Ejection of gametes is rapid and usually 
takes less than a minute. Flagella become evident on gametes that have 
moved through the canal, and within a minute or two the lashing back 
and forth of the flagella propels the gamete away from the heap accumu- 
lated at the mouth of the canal. 

Gametic union (Fig. 59(?) takes place while both gametes are actively 
motile. A male gamete becomes applied to the side of a female gamete, 
loses its flagella, and gradually fuses with the female gamete.^ Flagella 
of female gametes persist for a time after gametic union, but they soon 
disappear and the zygote assumes a spherical shape and secretes a wall. 
There is an immediate germination of a zygote, but further development 
is slow and germlings three weeks old are not more than four or five times 
their original length (Fig. 59E), Somewhat older germlings arc Vau- 
cheriorlike and sparingly branched.^ Certain lateral branches of this 
protonema-like stage enlarge greatly and become the first-formed 
utricles.^ Additional ut riches are formed as growth continues, and 
there is a gradual assumption of the organization characteristic of the 
adult thallus. 


FAMILY 5. DFRBESIACEAE 

• 

The Derbesiaceae differ from other Siphonales in that they produce 
zoospores similar to those of Oedogouialcs. Sc'veral zofisjwres are 
formed within a sporangium. Th(* thallus is a branched tubular coeno- 
cyte with the branches free from one another. 

There are two genera with about a dozen .species, all of them marine. 

The rclationship-s of the family arc ob.scure, but the annular septa 
and the structure of the protoplast point to a relationship to Bryop- 
sidaceae and Codiaceae. 

Derbesia has been found at isolated station.s along both coasts of 
this country. The thallus is a freely branched cocnoeyte differentiated 
into a pro.strate den-sely interwoven basal portion and a tuft-like erect 
portion. Branching of the erect jwrtion is frequently dichotomous and 
sometimes with an unequal elongation of the dichotomies that results, in a 
distinctly monopodial appearance (Fig. 60A). Older branches may be 
separated from the remainder of the filament by broad transverse septa. 
These develop as localized annular, thickenings of the lateral walls.'* 

There is a thin layer of cytoplasm just within the cell wall, and internal 
to this is a large central vacuole. At the inwr face of the cytoplasm 

‘Berthold in Oltmanns, 1922; G. M. Smith, 1930. 

* Berthold in Oltmanns, 1922. * Toblor, 1911. * Mifknde, 1913. 
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are many sma.ll disciform to spindle-shaped ohloroplasta with or without 
pyrenoids. J he chloroplasts may lie parallel to, or stand perpendicular 
to, the vacuolar membrane The portion of the cytoplasm external to 
the chloioplasts contains many small nuclei 

The zoospores are produced within sporangia borne laterally upon 
the erect filaments ^ Very young sporangia look like initials of branches, 



Fio 00 —Ddhf’im manna (Lyiigb ) Kjellm 4 portion of -i thalLus sporangium 
font lining zoosjiorts ( sporingium contimmg iplinosporcs D ht zoospores (A, 
X iO, B i X D J As 050 ) 


but tlioy soon become o\ oid and elongate but little When the sporangia 
are about half giown, tlune is a toimatiou of a transverse basal septum 
by an annular ingiowth of the lateial nail Developing spoiangia have 
been deseiibcd® as eontaining thousands of nuelei, but, in one of the spe- 
eies found along the Pai ific Coast, D manna Cl-yugb ) Kjellm , theie are 
not more than 200 or 300 Certain ot the nuclei degenerate; the others 
enlarge to lour to six times their original diainctei Theie is a progres- 
sive cleavage ot the sporangial contents into uninucleate protoplasts by 
an inward fun owing of^he plasma membrane Each protoplast is 
metamorphosed luto an ovoid zoospore (Fig. 60 D-£I) with a transverse 

* Davw, 1908; Sohen 1847 * Davis, 1908 
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whorl of flagella at one pole. The flagella are produced by a ring-sLaped 
blepharoplast just within the plasma membrane.^ A sporangium 
contains 10 to 50 zoospores (Fig. 60£), and they are liberated by an 
irregular rupture of the sporangia! wall. The zoospores swarm actively 
for several hours; then they come to rest, withdraw their flagella, secrete 
a wall, and germinate directly into a new filament. Occasionally there 
may be a secretion of walls about zoospores within an unopened sporan- 
gium. These aplanospores arc liberated by a disintegration of the 
sporangial wall (Fig. 60C). 

Derbesia has never been found reproducing sexually. 

FAMILY 6. VAUCHERIACBASS 

The Vaucheriaceae have a sparingly branched tubular thaltus m which 
the branches arc not intertwined. Asexual reproduction may be by 
zoospores or by aplanospores, both produced singly within a sporangium. 
Sexual reproduction is oogamous and with the odgonium containing a 
single egg that remains within it after fertilization. 

There are 4 genera and about 40 species. Almost all of them are 
fresh-water in habit. 

Vauche ria is a genus with some 35 species; three or four marine, the 
remainder fresh-water and terrestrial, or aquatic. Terrestrial species 
grow upon damp bare soil and in ploughed fields where they may form 
extensive green felty layers. The thallus is a sparingly branched tube 
that frequently attains a length of several centimeters. The thalli 
increase in length by apical growths and in most ca.scs they are attached 
to the substratum by means of rhizoid-like branches with relatively 
few chloroplasts. The cell wall is relatively thin. Within the cell is a 
single central vacuole that runs without interruption the whole length 
of the coenocyte. The layer of cytoplasm between wall and vacuole 
contains chloroplasts toward its outer face and nuclei toward its inner 
face. The chloroplasts are small, circular to elliptical in outline, and 
without psrrenoids. Vattcheria differs physiologically from other Siphon- 
ales in that its carbohydrate food reserves are stored as oil instead of as 
starch. This lack of starch has been one of the chief arguments for. 
placing Vaucheria among the Xanthophyceae,* but the fact that it may 
produce starch when continuously illuminated^ and the fact that certain 
other members of the Vaucheriaceao regularly form starch shows that 
Vaucheria belongs to the Cblorophyceae. 

A s^^ l r^a)i:o4 Wfc *joP place in a variety of ways. The 

commonest method is by means of large multiflagellate zoospores. All of 
the aquatic species form zoospores, and the teifcstrial species form them 

‘ Davis, 1908. * Blackman and Tausloy, 1902; Bohlin, 1901. 

• Tiffany, 1924. 
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when flooded. Zoospore formation may be induced in aquatic species by 
transferring them from light to darkness or from running to quiet water, ^ 
Zoospores are formed singly within club-shaped sporangia. Sporangia! 
development begins with a club-shaped swelling of the distal end of a 
branch. There are many nuclei and chloroplasts in this inflated portion. 
There is next a transverse division of the protoplast, a short distance 



Fio. 61 . — Vauchena sp. A, zooaporangium B, liberation of zoospore. C, zoospore. 
2>, germination of zoospore E, germination of a sporangium that has become an akinete. 
{A-Cf diagrammatic ) (4-f\ X 430, Z>, X 60, E, X 326 ) 


back from the branch apex, and a development of a transverse wall 
between the two newly formed plasma membranes (Fig. 61 A). Nuclei 
and chloroplasts within a sporangium reverse their position so that the 
nuclei lie just within the plasma membt*ane. Following this, the pro^ 
plast contracts slightly and develops a pair of flagella external to each 
nucleus* or external to nuclei in the anterior half of a sporangium.’ 
After the zoospore is fuHjj developed, the distal portion of the sporangia! 
wall softens to fonn a pore smaller in diameter than the zoospore. Libera- 
1 Klebs, 1896. • Strasburger, 1880. * G6tz, 1897. 
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tion of zoospores usually lakes place shortly after daybreak. A'zoospore^ 
squeezes its way through the narrow pore and then swims freely in all 
directions (Fig. 61B-C). It moves slowly through the watc'r for 15 to 
30 minutes; then it comes to rest, withdraws its flagella, and secretes a 
wall. Germination takes place immediately by a sending forth of from 
one to three tubular outgrowths that may elongate indefinitely (Fig. 
61D). The multiflagellate zoospore of Vaucheria is generally interpreted 
as a compound zoospore formed within a sporangium in which there has 
been a permanent obliteration of cleavage of the sporangial protoplast 
into uninucleate biflagellate spores. 

Terrestrial species frequently have the entire contents of a sporangium 
developing into a thin-walled aplanospore or a thin-walled akinete, 
instead of into a zoospore. Production of these nonflagella t(‘d spores is 
largely dependent upon^environmental conditions since there is a regular 
formation of zoospores "when the species groAvs submerged. The aplano- 
spores are liberated by an irregular rupture of the sporangial wall; 
the akinetes may become detached from a thallus, or they may germinate 
while attached to it (Fig. 61^). Terrestrial s])ecies may also have a 
transverse segmentation of the entire protoplast into short seguu‘nts and 
the secretion of a thick wall about each s^^gnuMit. Formation of these 
thick- walled aplanospores (hypnospores) is generally ascribed^ to a 
drying out of the substratum, but in California'* they are formed during 
the winter rainy season only when ternporatuns are near the freezing 
point. The hypnospores may germinate directly into a new filament, or 
their contents may <livide into a number of thin-walled “cysts.'' The 
protoplast of a germinating cyst escai>es through a pore in th(' wall and 
moves about in an amoeboid fashion. When anux'boid movement ceases, 
the protoplast assumes a spherical shape, se(‘ietes a wall, and develops 
directly into a filament. ^ 

All species reproduce sexually. Sexual reproduction is of frcciuent 
occurrence among thalli growing on damp soil or in quiet water but is 
rarely found among plants growing in flowing water. All of the fresh- 
water species are homothallic; two or thiee of the marine species are 
hetcrothallie. Homothallic species b<*ar their antheridia and oogonia 
adjacent to one another, either on a common lateral branch or on adjoin- 
ing branches. 

Antheridia are formed at the ends of short lateral branches and 
their development begins slightly before that of the oogonia. Most of 
the common fresh-water species have a hook-shaped antheridium opening 
by a terminal pore, but there are certain frc\sh-water Hp(*cies in which there 
is more than one pore and in which the antheridium is not hook-shaped. 

» Birckner, 1912; Gotz, 1897; Klebs, 1896. * De Puynmly, 1922; Stahl, 1897. 

» Smith, G. M , 1933. 
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The distal end of a branch producing an antheridium is more or less 
densely filled with cytoplasm containing many nuclei and a few chloro- 
plasts (Fig. Q2A-B). There is a transverse cleavage separating this 
portion of the protoplast from that in the remainder of the branch and 
a formation of a transverse wall between the two newly formed plasma 
membranes (Fig. 62C). The protoplast of an antheridium becomes 
divided into a number of uninucleate fragments each of which is meta- 
morphosed into a biflagellatc antherozoid. The insertion of the flagella 
is usually df scribed' as latenal, but they have recently been found^ to be 
terminal in insertion and of equal length. Antheridial development 
begins in the afternoon, and the formation of antherozoids is completed 
before daybreak the next morning.® 

In species with the sex organs borne adjacent to one another^ as 
V. sessilis (Vaucli.) DC., oogonial development begins with an accumula- 
tion of a (‘olorless multiiiucleate mass of cytoplasm in the main thread 
and near the bas(‘ of an anth(*ridial branch.' This is the wanderplasm," 
and it moves into th(' young ocigoniuni proiluced by a lateral bulging of the 
main thread (Fig. 62 A B). Many nucha and chloroplasts migrate into 
tlie oogonial bulge as itviiuTi'ases in size. The oogonial bulge eventually 
Ix'coiiK's an oogonium separated from the main filament by a transverse 
wall. The obgojiiuiu eoniains a single uninucleate egg. Descriptions of 
oogonial development are at variance. It has been held^ that the uni- 
nucleate condition of tlie egg is due to a degeneration of all except one 
nucleus of a dev('loping oogonium, but there seems to be more evidence 
supporting tlKise*^ who hold tliat all but one, or all but a very few', of the 
nuclei migrate out from an oogonium before formation of the cross W’all. 
In any ease, it i^ (piit(‘ clear® that the cross wall is not formed until very 
late in oogonial dexelopinent (Fig. 62C). 

Antherozoids enter an oogonium through an apical pore produced 
by golatinization of the oogonial wall. Antlu'rozoids are liberated 
shortly before daybn'ak," and fertilization follows immediately afterward. 
Several antherozoids may enter an oogonium, but only one of them 
penetrates the egg. The small male nucleus migrates to the egg nucleus, 
which is considerably larger, but does not immediately fuse with it. 
The male nucleus increases in size until its volume approximates that 
of the egg nucleus; the two then fuse.* The fusing nuclei usually lie 
a short distance from the pore iu the oogonial wall; the zygote nucleus 
formed by their fusion migrates to the centc^r of the zygote.^ The zygote 

1 Coucli, 1932; Oltmaims, 1895. * Gross, 1937. ® Couch, 1932. 

•Davis, 1904; Miindio, 19!^; Williams, 1926. 

•Couch, 1932; Gross, mStTHcidinger, 1908; Oltmaiina, 1895. 

• Couch, 1932; Muiidie, 1929. ^ Couch, 1932; Mundie, 1929; Olimanns, 1896. 

« Mundie, 1929; Williams, 1926. 
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Mcretes a thick waU, with tliree to seven layers, and its prWlast 
becomes densely filled with oU (Fig. 62Z)). The sygote generSly enter! 
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Fio. 62.— Development of gex organa of Voucfterfa aMaifia (Vauch.) DC. ( X 430.) 

upon a resting period of several months before it germinates directly 
a new filament. i The rather inconclusive data indicate* that division 
01 the zygote nucleus is meiotic. 


I Mundie, 1929; Pringaheim, 1865; Walz, 1866. Q> 
Grosz, 1937; Hanatschek, 1932; WUliams, 1928. 
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FAMILY 7 PHYLLOSIPITONACBAE 


The Phyllosiphonaceao are e,i|dQt> |iy4if or endozoic and with a tubular 
01 vcbicular cocnocytir thallus The only known method of reproduction 
IS a formation of aplanospoies 


. There arc 3 genera with 10 species 

xJPhyllosi'phon groys as an intc rcc llular paiasite in tlie stl|ms and leaves 
of various Aractaq^ J There are five sptcus, and one of them, P Aiimn 


Kuhn, has been collected^ in Wisconsin iiid m New Hampshire growing 



Iio 63 — Phyllowpt n Ari^rn Kuhn A leif of An atm ^ tnphyllum (I ) Schott 
mieci Ytiitx PhyLloaiphon H C port ons of th ulus of luhon (4 X* n, X 160, 

C, X 650 ) 


parasitually upon the jack-in-tlio-puljnt tuphullmn fL) 

Schott] 1 h( p u isitiMU of tho al{> \ liinilti'. do^ (‘lopnipn* of t hloroplahts 
by tlw host,' h( net the yellow ish-gitou coloi of aitas infetlod by tho alga 
(Fig 6.1 1) Ldtoi, tlu presence of the parasite stimulates a secretion 
of yellowish-orange dioplets of oil within ctlls of the host Still later, 
the presenie of the alga niiy cause a disdppe nance of the color 
from the entire leaf except wheio the Phyllo'>ipkon hlaniouts aie inter- 
woven to foiin a giecn mat 

The thallus of Phylhsiphon is a du hotomously oi ii regularly branched 
tube, in whidi branching is profuse and the \anous branches are loosely 
interwoven with one anothei (Fig 63B C) 'Fhe entiie eoen«Kyte is 
densely packed with elligitieal ehloroplasts, except at the tips of growing 

» Smith, G M , 1933 » Maire, 1908 
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branches. The chloroplasts are without pyrenoids and may form either 
starch or oil.^ 

Reproduction is by tho formation of many small ellipsoidal aplano- 
spores within all portions of the coenoeyte.^ The aplanospores germinate 
directly into new thalli.® 

ORDER 11. SIPHONOCLADIALES 

The Siphonocladialcs have a thallus that is siphonaceous when young, 
but which later becomes partitioned into a niimbcr of multiuucleato 
segments. Vegetative miiltipli(‘ation is of frequeiii occurrence, but ther(3 
is rarely an asexual reproduction by means of zoospores. Most members 
of the order reproduce sexually by a fusion of biflagellated isogametes. 

All members of the order are marine and usually restricted to tropical 
and subtropical seas. There are about 25 genera and 120 species. 

As originally delimited,^ the Siphonocladialcs included all Chloro- 
phyceac with multinucloate cells capable of dividing vegedatively. 
Many® still follow this interpn'tation of the order. However, such an 
interpretation overlooks the fact that it is a grouping of two families 
(Cladophoraceae and Sphaeroplc'aceae) that are related to the Ulotri- 
chales® with two (Valoniaceae and Dasycladaceae) whose phylogenetic 
relationships seem to be with the Siphonales. One solution of this prob- 
lem is seen^ in the recent distribution of the various families to other 
orders. A more logical solution seems to be that of restricting the 
order to the two families evidently related to the Siphonal(\s. 

FAMILY 1. VALONIACKAF 

The Valoniaceae have a plant body in which all cells excei)t the 
rhizoids arc more or less similar in form. Reproduction may be by 
fragmentation of vegetative portions or by means of biflugellale {>warmer8. 
Sometimes the zooids germinate directly; sometimes they unite in pairs. 

'There are about 15 genera and 90 species, all of tht'm marine. 

Vahnia, a genus with about 15 species, is found in tropical and sub- 
tropical seas and in the Mediterranean. A half-dozen species are known* 
from Florida and the West Indies, and two ar(‘ common algae of those 
regions. A young plant consists of a blad»ler-like primary cell which 
is attached to the substratum by unicellular rhizoids. The rhizoids are 
produced by an elongation of small hms-shaped cells cut off at the base 
of the primary cell (Fig. 64D). In V. ventricosa J.G.Ag., extensively 
studied by cellular physiologists, the primary cell always remains 

1 Just, 1882; Tobler, 1917. * Just, 1882; Mairc, b)08; Toblor, 1917. 

® Toblor, 1917. * Blackman and Tarnf«oy, 1902. 

® Hprgoscn, 1913; Oltmanns, 1922; Printz, 1927; Taylor, 1928. 

• IMtsch, 1935; Smith, G. M., 1933; West and Fritsch, 1927. ^ Fritach, 1935. 

» Taylor, 1928. 
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unbranchod and may become 3 or more cm. in diameter. 'Primary cells 
of most other species cut off small lens-shaped daughter cells at the upper 
end, which grow to approximately the same size and shape as the primary 
cell (Fig. 64^, C). The resultant mass of more or less club-shaped cells 
may lie in a palisade-like cushion over 20 cm. broad. 

A mature cell has a conspicuous central vacuole and a relatively thick 
layer of i)rotoplasm external to the vacuole. Many angular chloroplasts 



Fig 01 — A, lhalliip of Vnloma utncnlaixa (Uotli ) C \ Ar. chloroplasts and nuclei 
of F mariupfiym ( , lens (clU of F ufruiiuins /), rhizonls of I AtfjagropilaC A, 

Ag E, reticulum of /oemH iii i cc.U uf I , rm<fvphym, T, ^OOlUu of V , TmCTOpfiysa. (A-E, 
after Kuckuch, 1007, I\ afuj FaminUin, iShO ) (.1, (\ X 2, B X hOO, D-E, X 12 ) 

lie embedded in the i)eripheiy of the tytoplasm,' ^\hele they have a 
tend('ney to foim a jetienlate arransfinent -with respeet to one another 
(Fig. 64/J). Mo'll of the larger ehloropla&th eontain a ■single pyrenoid. 
The nuclei are some'fthat larger than the chloroplabts and lie internal to 
them. 

Any eell of a thallns may have its entire protoplast dividing into 
zooids. Sfreeies of Valonia growing in waters about Bermuda^ produce 
zooidb only dining the summer months. Production of zooids has not 
bi'en ob'ien^ed among undisturbed plants glowing in the ocean. Plants 
brmight into the laboratory and placed in aquariums sometimes produce 
zooids in abundance, ^'hc reticulate arrangement of the chloroplasts 

‘Kuckuck, 1907. 

* I am indebted to my colleague Prof. L. ll. Blmks for unpublished data oonceming 
the Valonias of Bermuda 
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becomes more pronounced shortly before reproduction,^ and, when the 
zooids are formed, they lie in a reticulum just within the cell wall (Fig. 
64^. The zooids^ are pyriform, biflagellate, uninucleate, and with two 
or three chloroplasts (Fig. 64F). Quadriflagellate zooids have been 
reported® for V. macrophysa Kutz., but in Bermuda this species forms 

biflagellate zooids. The zooids escape 
through pores developed in the upper side 
of the cell wall. Fertile cells of V. macro- 
pkysa may form* twenty or more pores 
through which the zooids escape singly. 
The zooids are generally liberated early in 
the morning. 

Recent cytological studies of V. vtricul- 
aris (Roth) C.A.Ag. indicate that there may 
be a gametic union of zooids. Certain 
individuals of this species hav^e been shown® 
to have a reductional division of their nuclei 
just before formation of zooids. Gametic 
union of these zooids has not been observed, 
but stages of young zygotes have been found 
showing two gamete nuclei and a fusion of 
them into a single nucleus Other individ- 
uals of V. nlriculans do not have reductional 
divisions prior to a formation of zooid.s. It 
is thought that they produce zooids which geiminate directly, into new 
plants 



Fig. 65 — Reconstruction 
Palaeodasycladua medUenaneas 
Pia. {From Pm, 1920 ) ( X 8.) 


FAMILY 2. DASY(’L\DVCEAR 

Thalli of Dasyoladacoao have a eontral axis bearing transverse whorls 
of branches from top to bottom or only at the upper end. All whorls of 
branches may be fertile, or some whorls may be fertile and others sterile. 
The protoplast of a fertile branch may divide directly into biflagellate 
isogametes, or it may form one or more aplanosi)ores which produce 
biflagellate isoganietcs upon germination. 

There are about 10 genera and 30 species, all marine and limited to 
warm waters. 

Thalli of many genera are heavily encrusted with lime. Calcareous 
impressions or casts of these encrusted species may remain after death 
and decay of the plant body. Many such impressions and casts have been 
found in limestone rooks, and the geological record of these fossil 

1 Famint^in, 1860; Kuckuck, 1907. * Schechner-Fries, 1934. 

» Kuckuck, 1907 
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Dasycladacaae extends back to the Ordovician.^ The distinctive 
arrangement of lateral appendages in these fossil algae, often called 
Siphoneae verticillaiaey shows that they are Dasycladaceae. There 
are about 46 genera of fossil Dasycladaceae.^ Genera from the Carbon- 
iferous and earlier periods have their appendages irregularly distributed 
along the central axis. Those with whorlfed (verticillate) appendages 
(Fig. 66) are known from the Triassic onward. 

Acetabulanaf the mcrmaid^s wineglass (Fig. 66il), is a genus with 
some 15 species. The two best known, A, mediterranea Lamx. and 



Fiu 66, — A, thalhis of Acetahularia crenvlaia Lamx. diagram of a vertical section of 

A. medtierranpa Lamx. s^Baaed upon Oltmanns, 1922 ) CJ , corona inferior; C.<S., corona 
superior; Cy, cysts, Gam , garnet angium, H., sterile hairs. (A, X IH* B, X 8.) 


WeltsUinii Sfhussnig, are found in the Mediterranean. Four species 
are found in Florida and the West Indies.* The mature thallus of 
i4. mediterranea has an unbranchcd axis, 6 to 9 cm. tall, that terminates 
in an umbrella-like fertile cap about 1 cm. in diameter. The cap is 
strongly calcified and radially divided into a number of chambers. The 
thallus is perennial and does not fruit until it is three or four years old. 

Gametic union takes place in the spring,* after which there is an 
immediate germination of the zygote into a sparihgly branched Vaacherut- 
like filament (Fig. &7D-F). One of the branches is rhizoidal and pene- 
trates the rock upon which the plant is growing. The rhizoid is colorlhss, 
irregularly lobed, and densely packed with starch. In the autumn* there 

> Pis, 1927. • 

* Certain American phycologiats (Howe, 1901; Taylor, 1928) list them as species of 
Aceta5u{um since they think this generic name has priority over Aeetabularia, 

* H&mmerling, 1934. * DeBary and Strasburger, 1877. 
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is a disintegration of th^ free-living portion after a cross wall has been 
formed between it and the embedded rhizoid (Fig. 67G). The persisting 
rhizoid sends forth a new upright axis the following spring and this 
axis bears one or more whorls of sterile branches at its apex (Fig. Q7H). 
This axis disintegrates in the autumn, and the greatly enlarged rhizoid 
sends forth a new axis in the spring of the third year. The third-year 
axis may develop fertile branches after it has produced an apical whorl 
of sterile branches. The thallut> is uninucleate throughout the entire 
period of vegetative do\elopment,^ the nucleus being in one of the 
rhizoidal lobes. The nucleus is many-lobed, and. shortly before the 



Ftts 67 - Acetahulana mtdif errant^ Limx A, restinsc fvst IJ Kermirntinp; ryst. 
C, gametic union I) F stages m early development of ilhdlus G overwintering rhi-fioid 
of first year. H apex of *3teiile (second vear^) ixis KAftn Di Bai y and fuhurgir, 1S77 ) 
KA-B, D-E, X 190, C\ X 300, F, X 25, O, X 20, H a 4S ) 

formation of fertile blanches, it di\ides into many small nuclei that 
move up the axi.s and into the developing fertile branches. The fertile 
branches are laterally apposed to one another in an unibrella-lik(* disk 
(Fig. 66B) Each fertile branch bears a small basal lobe on its upper 
surface. The lobes are laterally fused with one another and jointly 
constitute the corona superior^ A, viediU nama has a similar corona 
inferior on the under side of the fertile branchc'^, but A. Wdistcmii lacks* 
a corona inferior Sterile blanches ternunating the axis disappear as 
the fertile disk matures, ^and both the disk and ujiper portion of the axis 
may or may not become heavily calcified. 

The protoplast of each fertile branch (a segment of the fertile disk) 

divides to form a nuintxT of apla nospores. ^ The aiilanospores are 
uninucleate w^hen first foimed, later they iMHMune inultinucleati'.* Divi- 
sion of the primary nucleus of an aplanosporefls reductional ® 

^ Hammerling, 1931 » Solms-bauharli, 1894. ® Si'liiisfinig, 1930C. 

♦ DeBary and Strasburger, 1877; Woronin, 1862; Schusenig, 1930r. 

^ Schussnig, 1929A. 
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Aplanospores are formed during the summer months but principally 
in July.^ Aplanospores of A, mcditerranea are strongly calcified and 
do not germinate (Fig. 67 B) until the following spring; those of A. 
Wettsteinii arc faintly calcified and may germinate a few days after they 
are formed.^ The protoplast of an aplanosj)ore divides to form many 
biflagellate gametes (Fig. 67C), each with several ehloroplasts.* Libera- 
tion of gametes from aplanospores of A. mcditerranea due to a lid-like 
opening at one pole of the elliphoidal aplanospore wall (Fig. 67B). 
Gametes from a cyst will not fuse with each other. However, there may 
be a fusion between gametes from two cysts produced upon the same 
plant. ^ 


CLASS 2. CHAROPHYCEAE 

The Charophyceae or stoneworts have an erect branched thallus 
differentiated into a regular succession of nodes and int(Tnodes. Each 
node bears a ^\horl of branches of limited growth — the ‘^leaves.'' 
Branches capable of unlimited growth may arise axillary to the leaves. 
Sexual reproduction of Charophyceae is o()gamous. The oogoiiia are 
one-cellcd, solitary, \and surrounded by a sheath of spirally arranged 
sterile cells. The antheridJh are one-celled, are united in uniseriate 
filaments, and have several filaiiumts surrounded by a common spherical 
envelope composed of eight cells. 

There are 6 genera and about 215 species. These constitute a very 
natural order, the Charalfs^ with but one family, the Characcae. 

stonew'orts are universally recognized as related to green plants, 
but there is great diversity of opinion concerning the degree of relation- 
ship. They have been considered an order of the Chlorophyceae, a 
class coordinate wdth the Chlorophyceae, and a division intermediate 
betw'cen algae and bryophytes. The vegetative structure and the sterile 
sheath about the sex organs are such distinctive features that the placing 
of them as an order of the Chlorophyceae seems too conservative a 
treatment. On the other hand, they cannot be considered a group stand- 
ing at the bryophytie level because their sex organa are one-celled. The 
best' solution of the problem seems to be that of interpreting them as an 
offshoot from the Chlorophyceae, but a series so far removed that it should 
be placed in a separate class. 

Most of the Charophyceae grow submerged in fresh standing water 
and upon a muddy or a sandy bottom. When growing in ponds or lakes, 
they frequently form extensive subaquatic meadows that extend down- 
ward to a considerably depth below the surface of the water. They 
thrive best in clear hara waters, but a well-aerated water is not essential. 
Many species, especially those of Chara, become encrusted with calcium 

» Hftmrnerling, 1934. * DeBary and Strasburger, 1877; Schussning, 1930(7. 
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carbonate, and the continued presence of the alga from year to year may 
result in the deposition of considerable calcareous material upon the 
lake bottom. The calcareous deposit about the plant may remain intact 
after decay of the organic material, and several fossil Charales have been 
described from such calcareous casts. The struetdre of the fruit of 
Charales, especially that of the female fructification, is so distinetlve 
that the systematic position of the plants producing these casts is fairly 



Fio 68 — Chara Hp. A, thallus B, vertical section of thallus apex. C-E, transverse 
sections of second, third, and fourth nodes F, young cortieatmg branches. O, portion of 
a mature corticating branch {Ap C\, apical cell, C F , corticating filament, Jnt , mter- 
nodo, Int Init , internodal initial, X, leaf, X , node, AT. Inti , nodal initial ) (A, X H* 

B, X 210; C F, X 145, C7, X 105 ) 


certain. Fruits of fossil Charophyccac have been found as far back as 
the Palaeozoic.' Fossil remains of CAaro-like vegetative tissues are 
known from as early as the Upper Devonian,* but the systematic poAitiou 
of these plants is not so certain. ^ 

'^Chara is a widely distributed genus with about 90 species. These 
can only be distinguished from one another when in a fruiting condition. 
The thallus is an erect branched axis that is attached* to the substratum 
by rhizoids. The rhizoids are uniseriate branched filaments with or 
without a differentiation into nodes mid int^odes. The erect ams 
has an E^utsetum-like differentiation into nodes and intemodes (Fig. 
68il). Each node bears a whorl of cUsveral bratiebes (the leaves) that 
* Fia, 1927. * Kidston and Langi 1921. 
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cease to grow after they have formed three to eight nodes and intemodes. 
A node may also bear one or more branches in which growth may con- 
tinue indefinitely. In a few species the intcmode consists of a single cell 
many times longer than broad. In a majority of species this intemodal 
cell is ensheathed (corticated) by a layer of vertically elongate cells of 
much smaller diameter. The e nshcatbing layfi j (the Cortez') is always one 
cell in thickness. 

^Terminal growth of an axis and its branches is initiated by a single 
dontb-shaped apical cell which euts off derivatives at its posterior face 
(Fig. 68B). derivative cut off by an apical cell soon develops into a 
node and its underlying intcmode) Kach derivative divides transversely^, 
The inferior daughter cell remains undivided, elongates to many times 
its original length, and matures into an intemodal cell. The superior 
daughter cell (the nodal inihal) divides and redivides to form the node 
and the corticating ti'^suc of species in which the internodes are corticated. 
The first division of a nodal initial is vertical, and the two daughter cells 
also divide vertically and in a plane intersecting the first plane of division.* 
Succeeding divisions ai(* .also vertical and in a plane intersecting the 
preceding plane of diiHsion. The nodal tissue produced by these divi- 
sions con.si‘-ts of t w 0 centi al cells and an encircling ring of 6 to 20 peripheral 
cells. The central cells may remain undivided, or they may divide two 
or three times (Fig. Q8C-JS). All of the peiiphcral cells divide periclinally. 
The inner daughter cells produci'd by periclinal division may remain 
undivided or divide vertically. The outer daughter cells function as 
apical cells and give rise to the leave.s. 

The apical cell ol a “leal” cuts off derivatives in the same manner 
as the apical cell of a main axis. The first derivative develops into 
the basal node ol a leaf. All other derivatives eventually produce a 
node and an underlying iiiternode. The apical cell of a leaf becomes 
conical and ceases division after it has cut off 5 to 15 derivatives. Inter- 
nodal cells of leaves develop in the same manner as those of an axis 
except that they do not become as long. Nodes of leaves develop in 
much the same sequence as those of an sixis. They have but«one central 
cell, and the peripheral cells never become apical cells. Instead, all 
or certain of the einbryonic peripheral cells mature into one-celled spine- 
like appendages — ^the “stipi4t^s" 

[ TTe-lf of the corticating tissue of an intemode of an axis is derived from' 
the node above, and the other half is derived from the node below. The 
basal node of each leaf produces a single ascending corticating inituA and a 
single descending one. Each cortioating hiitial is an apical cell which glVes. 
rise to a corticating hrarM that lies closely applied to the intemodal cell. 
Collectively the corticating branches between two nodes ponstitote the 

* Qieeenhagen, 1896, 1897, 1898, 
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corticating tissue (cortex'i of the intervening node. A corticating branch 
is differentiated into throe-celled nodes and one-celled internodes (Fig, 
68F), All cells of embryonic corticating branches are approximately 
the same length, but the two lateral nodal cells and the internodal cell 
eventually elongate to many times their original length (Fig. 68G). 
The median coll of a node does not elongate. Those cells may or may 
not develop stipules. Cortication of a leaf may be similar to that of an 
axis, or the corticating initials at the loaf nodes may elongate without 
dividing. \ 

(Cells near a branch apex arc without conspicuous vacuoles aiid are 
uninucleate, Gieatly enlarged colls of mature regions, as those 
of an internode and of the stipules, have a large central vacuole. The 
layer of cytoplasm between cell Avail and central vacuole contains many 
small ellipsoidal chloroi>lasts and a few large irregularly shaped nuclei. 
The nuclei increase in number by constriction (amitosis). The chloro- 
plasts lie in parallel, longitudinal, spirally twisted files. The cytoplasm 
next to the central vacuole revolves continuously in a longitudinal 
direction, and thefe is an ascending stream of cytoplasm on on(» side of a 
ceU and a descending stream on the other. The upward aiid dowujward 
streams are laterally separated from each other by a motionless streak of 
cytoplasm wuthout chloroplasts. 

None of the Charales produces zoospores, l>ut several of them produce 
vegetative propagative bodies. Vegetative proi)agation may be effected 
by: (1) .star-shaped aggn^gates of <*ells developed about the lower nodes 
(frequently called amylum atars because they are dens(*ly filled wdth 
starch); (2) bulbils developed upon the rhizoids, and (3) protonema-like 
outgrowths from a node. 

All species of Chara reproduce sexually. The male and fcmiale fructi- 
fications are generally culleil antheridia and odgonia, but these names are 
inappropriate because the structures so designated include both the sex 
organ (or organs) and an enveloping multicellular sheath. According 
to the old terminology^ the male fructification is a globule and the female 
is a nucule. These names are more appropriate since they do not imply 
that the entire fructification is the sex organ. Globules and nucules are 
always borne at the nodes of leaves and oil the side facing the axis, A 
few species are hc^terothallic. Most of them are homothallic and have a 
globule and a nucule at each fertile node. The two fructifications always 
have a definite orientation with respect to each other, and the nucule 
always lies abov^ the globule (Fig. 70A). The two may develop simul- 
taneously, or development of the globule mav be somewdiat in advance 
of that of the nucule. 


1 Sachu, 1876, 
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A superficial nodal cell on the adaxial side of a fertile leaf functions 
as an apical cell that cuts oft two deiivatives The lower derivative 
divides and redivides to foim a node The upper dci native enlarges 
to form an internodal cell that becomes the pediul cell ot the future 
globule (Fig 6QA) The apical fdl becomes fepheiical and divides ver- 
tically^ to form four quadrattly ai ranged cells, each of which divi4es 
transversely (Fig 69J5) Lach octad divides periclinally, and the eight 
outc^r daughter cells also divide pcnclinally (Fig 60C) The outer of 
the three cells clc lived liom euh octad is a shulcl cell, the median is a 



coll ) a II \fi T Belij If 1804 ) ( I C s 210 /) A X U'S f G X 575 i/ X 200) 

handh cell oi manubrium md the iniui is a pnmamj capitulum Matur- 
ing shield cells ( \paud 1 itcially, indacavily dc velops within the globule 
The maniilnia cdoiigite ladially as the cavity clcnelops, but the primary 
capitula continue to he apposcnl to one anothei Theue is also an 
ujigiowth of the pedic cd c ell into the cavity w ithin the globule The outer 
peiiclinal wall ot a matuiiiig ‘^hidd cell develops ladial ingiowths which 
incompletely divide the cell into a numbei ot compntmciits Hence the 
outer layer of a maturing globule seems to he many cells in perimeter 
when it is viewed in cross section. Matuie globule aie a bright yellow 
or red because of a change in color of chloioplasts within the shield cells. 

Each primary capitulum within a globule cuts off six i^ecoiid^ry 
capitula (Fig 697?) , and these may or may not cut off tertiary and 
quaternary capitula ^ TJje capitular cells then cut off initials ot atdhe- 
ndial filament;^ These initials aie usually cut off from secondary 

1 (’ampbell, 1902; Sachs, 1875 * Karlin^., 1927 
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capitula, but they may be produced upon primary, tertiary, or quater- 
nary ones. The antheridial filaments developed from antheridial 
initials may be branched or unbranched (Fig. 69 jK). The number of 
cells in a filament varies greatly, and, even in the same species, it may 
range from 5 to 150.^ Each cell of a fully developed filament is an 
anSi£ridium, and its protoplast metamorphoses into a single antherozoid. 
Tfie nucleus of a metamorphosing protoplast (Fig. 69F--0) moves toward 
the side wall, elongates, and becomcb spirally coiled.- Meanwhile, there 
has been a differentiation of a spirally .coiled hlep^aroplast (the flagellum- 
forming body) just within the ^^lasina membrane. Two long flagella 
are formed, and they are attached a short distance back from the anterior 
end of the coiled antherozoid (Fig. 69//). When the antherozoids are 
mature, the shield cells of a globule separate from one another, freely 
exposing the antheridial filaments attached to the capitula upon the 
manubria. The manubrium, with its attached capitula and antheridial 
filaments, resembles a many-thonged whip. The antherozoids then 
escape through a pore in the antheridial wall. Liberation of anthero- 
zoids generally takes place in the morning,'^ and the arming may con- 
tinue until evening. 

The globule has been interpreted^ as a metamorphosed branch in 
which the terminal cell divides into octants. The octants are con- 
sidered lateral appendages. Fjach of them is differentiated into a basal 
node (the shield cell), an internodal cell (the manubrium), and an upper 
nodal cell (the primary capitulum). The filamentous outgrowths 
(antheridial filaments) from the upper node are not differentiated into 
nodes and internodes. 

adaxial cell of the basal node of a glolnile functions as the initial 
of a nucule. This initial divides transversely to form a row of three 
cells.® The uppermost and lowermost of these are internodal in nature, 
and the median is nodal. The lower internodal cell remains undivided 
and enlarges to form the pedicel cell subtending the nucule (Fig. 70B). 
The upper^odal cell is an oogomal mother cell which elongates vertically 
and then divides traiibversely to form a short stalk cell and a vertically 
elongate oogonium (Fig. TOC). The oogonium contains a single ^uni- 
nucleate egg whose protoplast becomes packed with large starch grains 
before fertilization. Even before elongation of the odgonial mother cell, 
there is a vertical division and redivision of the nodal coll to form five 
lateral initials encircling a single central cell. The five lateral initials 
grow upward to form a protective sheath enclosing the oOgonial mother 
,cell (Fig. TOC). The sheath soon becomes transversely divided into two 
fiers of five cells each (Fig. TO/)) Cells of tlfe upij^cr tier elongate but 

•Earlhig, 1927. * Belajeff, 1894; Mottier, 1904. 

« Goebel, 1930. * Campbell, 1902; Deheki, 1898; Goetz, ISWl Sacha, 1875. 
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little and mature into the five-celled corona capping a mature nucule. 
Those of the lower tier, the tube cells, elongate to many times their 
original length and become spirally twisted about the o5gonium (Fig. 
70E-F). 

The spirally twisted tube cells of a mature sheath separate from one 
another just below the corona to make five small angulate slits. ^ Anthe- 
rozoids swim through these openings in the sheath of a nueule and 



Fig. 70. — Chara sp. A, portion of a leaf bearing a mature globule and nucule. 
vertical section of a leaf bearing a very young globule and nucule. C-F, stages in develops 
ment of a nucule, (^or., corona; C F , cuiticating filament, Gl , globule, /of., mternode; 
iV, node; .Vuc., nucule; Odg,, oogonium; PiA , pedicel; St C., stalk cell, Slip., stipule; T. C., 
tub^ coll.) (A. X 60; B-E, X 210; F, X 145.) 

down to the oogonium (Fig. 71 A). One of tliem penetrates the gelat- 
inized oogonial wall and unites vith the egg. Male gamete nuclei have 
been observed within eggs of another genus {Nitclla),^ and it is thought 
that there is the same union of gamete nuclei at the base of the egg, in 
Chara. 

The zygote secretes a thick wall, and the inner tangential walls of the 
tube cells also thicken. Other walls of the sheath decay, leaving the 
hardened inner walls projecting from the zygote like the threads on a 
screw. The zygote, with surrounding remains of the sheath, falls to the 
bottom of the pool and there germinates after resting for a few weeks or 
more. The eygote nucleus migrates to the apical pole of the zygot^ and 
there divides* into four daughter nuclei (Fig. 71B). This division into 
four nuclei suggests th*® division is reductional. Confirmatory evidence 
for this supposition is found in the absence of meiosis prior to the fonnar 

* DoBary,' 1871. * Goetz, 1899. • Oehlkers, 1916. 
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tion of gametes.^ According to such an interpretation, the thallus is a 
gametophyte, and the zygote is the only diploid cell in the life cycle 
Germination begins fvith an asymmetrical division of the quadrinu- 
olcate zygote into a small lenticular distal cell with one nucleus, and a 
large basal cell containing the other three nuclei (Fig. 71C). The lentic- 



Fig 71 — A Chara foetida A Br D C crinata Wallr A, entrance of anthero- 
soids into nucule B-C, diagram of longitudinal sections of geiininating zygotes. D-E, 
surface views of germinating zygotes F, gormhng at protonematal stage G, young plant 
after development of first nodal branches {Pr Ax , primary axis, Prot primary pro- 
tonema, Proi 2 , secondary protonema, Prot In%f , protonematal initial, Rhtz primary 
rhizoid, Rhtz secondary rhizoid Rhiz Inti , rhizoidal initial ) (A, after DeBary^ 1871, 

B-C, based upon DeBary, 1S7G Oehlkfrs, 1916, D-F, afUr DeBary^ 1875 ) (A, X 70; 

B-C, X 45, D-E, X 50, F, X 25. G, X 4 ) 

ular cell soon beeomes exposed by a cracking open of the zygote wall. 
This cell then divides vertically into a rhizmdal tnthal and a protonernatal 
initial (Fig. IID-E). The large three-nutleafe cell remains undivided, 
and its nuclei eventually disintegrate. The rhizoidal initial develops 
into a colorless rhizoid,* differentiated into nodesChid internodes, and one 
with a whorl of secondary rhizoids growing out at each node. The 
‘ lindenbein, 1927 * DeRary, 1875. 
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protonematal initial develops into a green filament (the primary proto^ 
nema)j also differentiated into nodes and internodes (Fig. 7 IF). Append- 
ages produced by the lowermost node of a primary protonema mature 
into rhizoids or into secondary protonemata. The second node of a 
primary protonema bears a whorl of appendages (Fig. 71(7). All but 
one of them are simple* green filaments. The remaining appendage 
develops into a typical axis in wdiicdi growth is as in an adult plant. 
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CHAPTER III 

EUGLENOPHYTA 

The Euglenophyta have colorless protoplasts or protoplasts with 
their pigments localized in grass-grceii chloroplasts. Irrespective of 
whether nutrition is holophytic, saphrophytic, or holozoic, the food 
reserves arc either 'paramylum fan insoluble carbohydrate related to 
starch) or fats. Almost all members of the division are naked unicellu- 
lar flagellates, cither with a rigid i)rotoplast or with one that is constantly 
changing in shape. Motile cells may have one, two, or three flagella. 
These are inserted at the anterior c'nd of a cell and almost always at the base 
of an interior (‘hajuber connected with the exterior of the cell by a narrow 
gullet. Reproduction is generally by cell division. Thick-walled resting 
stages (cysts) are knowni for several genera. Sexual reproduction is of 
extremely rare occiirVcnce and sc'ems definitely established for one genus 
only. . 

There are about 25 gemua and 335 >i)ecies, almost all of which are 
fresh-water. 

The euglenoids aio a sharply ih'fined sories of colorless and pigmented 
organisms that have more in common with the Protf)zoa than do other 
series of pigmented protista. Aside from the fact that they may have 
chromatophores and a planl-like mode of nutrition, the chief justification 
for including them in the jdaiit kingdom is the fact that one genus 
{Colon um) has a truly algal organization in which immobile palmelloid 
cells are the dominant iihase in the life cycle. 

The relationships between Eugleno})hyta and other algal series are 
obscure. Similaritie*. in ]jigmentation and food reserves of Euglenophyta 
and Chloroi)hyta tempt one to make them a class (Euglenophyceae) 
of the Chlorophyta. However, the organization of the protoplast 
is so diffen^nt from that of dilorophyta that it is better to follow the 
usual practice and accord the eiiglenoid scries a rank equal to that of the 
chrysophycean, dinoflagellate, and volvocine (chlorophycean) series. 

The first formal recognition of the euglenoids as a division (Eugleno- 
phyta) of the plant kingdom' divides them into two classes, each With 
a single order. A more logical treatment seems to be that of placing 
them in a single class, ^e Euglenophyceae, because differences between 
the two orders are of the same magnitude as in orders of Chlorophyceae, 
Chrysophyceae, and other classes of algae. 

^Pascher, 1931. 
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ORDER 1. EUGUENALES 

The Euglenales include all of the Euglenopbyceae in which the 
flagellated motile cell is the dominant phase in the life cycle. 

All but one of the genera of Euglenophyta belong to this order. Most 
of the genera are found in fresh waters, and chiefly in small pools rich 
in organic matter. Pigmented forms, especially Etiglena, are frequently 
present in sufficient abundance to color the water. The colorless forms 
are rarely found in quantity, but sometimes they are fairly numerous 
in waters containing decaying organic matter. 

Cell Shape. Motile euglenoids are always solitary and never in 
temporary or permanent colonies (Fig. 72). The exterior portion of the 
cytoplasm is always differentiated into a periplast. This may be so 
rigid that the cells have a fixed shape, or it may be so flexible that the 
shape of the cell is constantly changing as it swims through the water. 
Cells with a flexible periplast are more or less elongated and approxi- 
mately circular in transverse section. Those with a firm periplast may 
be radially symmetrical or markedly compre'^serf 

Species with a firm periplast frequently have one that is longitudinally 
or spirally ridged or striate. Three genera have the protoplast sur- 
rounded by an envelope (Jlorica) that stands free from the protoplast 
(Fig. 72B-C). The lorica is alwa 3 rs oi)en at the anterior end and has the 
flagella projecting through the opening. A loriea is composed of a firm 
gelatinous substance without any trace of cellulose.’ It is colorless and 
transparent when first formed; later it frequently becomes impregnated 
with iron compounds, opaque, and yellow to dark brown in color. The 
shape and ornamentation of the lorica are characteristic for any given 
species and are the chief characters in differentiating species within 
genera ha^ang loricac. 

Cell Structure. Cells of many euglenoids contain chloroplasts. 
There are usually several of them in a coll, and they may be discoid, 
band-shaped, or stellate. The chloroplasts arc always a bright green. 
In a few species, as Euglena sanguinea Ehr., the cells may also produce 
a red pigment (haematochrome), which may be produced in such quan- 
tities as to obscure the cell contents. Results' of spectroscopic analyses of 
the green pigments are contradictory since it has been affirmed* and 
denied* that their absorption curve closely approximates that of the green 
plants. Many of the species with chloroplasts have one or more con- 
spicuous pyrenoids, either within or without the chloroplasts. Pyre- 
noids contained within chloroplasts may possiblv be concerned with the 
formation of reserve foods, but those external xo chloroplasts seem to 
have no connection with reserve-food formation.* 

* Klebe, 1883. * B^MS-Beckiog and Ross, 19^. * Odnffier, 1028. 
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* product of photos3mthesis is paromylum, a carbohydrate 

with the same empirical formula as starch, but one that does not respond* 
to the usual tests for starch. Cells with chloroplasts may also form 
paramylum as a result of an osmotic intake of dissolved foods from the 
surrounding water or as a result of an ingestion of solid foods.* The 
€iutrition of colorless species is always saphrophytio or holozoic. Ingesh 
tion of solid food takes place through the cytostome, a differentiated softer 
portion of the peripla&t. The gullet at the anterior end of a cell functions 
as the cytostome of most Euglcnales, but there are species® with a cyto- 
stome distinct from the gullet. Paramylum is always formed in the cyto- 



Fio. 72. — Eufclonalos. A—B^ Euglena intermedia (Klebs) Schmits; C, D, surface view 
and optical section of Tiachtlomonaa volvonna Khr . E, diagrammatic ventral view of 
Entonphon ^xdcatum (Duj ) Stein F, Uiceoliia cydustomua (Stem) Mereschk {E, baaed 
upon Lackty, 1929, h\ after Senn, 1900.) {A-B, X 326; C-D, X 050; F, X 1,000.) 

plasm. It is laid down in spherical, discoid, bacillar, or annul ar granules 
that sometimes become relatively large. Paramylum granules resemble 
starch grains in that they appear to be concentrically stratified. How- 
ever, the apparent concentric stratification has been held* to be due to 
a helical twisting of elongate threads of paramylum rather than to a 
deposition of paramylum in concentric lamellae. Reserve foods of 
Euglenalcs may also be stored in the form of minute droplets of oil. 

The nucleus of the euglenoid cell is a prominent structure and one 
easily recognized without staining. All Euglenales are uninucleate 
under normal conditions, but a cell may become multinucleate if cyto- 
kinesis is inhibited.* The nucleus has a conspicuous karyosome, a well- 
defined membrane, and Considerable chromatic material between the 

*■ Batschli, 1906; Hayo, 1030; Klebs, 1883. * Mainx, 1028A; Tamueuther, 1028. 

• Drown, 1030, ‘ Heidt, 1037. * Malax, 1028. 
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two. Resting nuclei lie near the center of a cell, but those about to divide 
may move toward the anterior end of a cell. The chromatic material of 
a dividing nucleus becomes organized into a definite number of chromo- 
somes that lie with their long axes perpendicular to the plane of nuclear 
division (Fig. 73). The mitotic separation of cliromosomes is accom- 
panied by a bipartition of the karyosome. The nuclear membrane 
* persists throughout all stages of mitosis.^ 

The gullet at the anterior end of a cell is usually flaslvrshaped and dif- 
ferentiated into a narrow neck, the cytopharijnx^ ainl an enlarged posterior 
portion, the reservoir. Tlu^ reservoir, in turn, is adjoined by one or more 
contractile vacuoles in which the interval between eystole and diastole 
is usually but a few seconds.^ Certain genera have rod organs {pharyngeal 
rods) adjacent to the gullet. There are usually two of tliem in a cell. 
They lie parallel with the long axis of the gullet and with their lower 
extremities level with the base of the resc^rvoir or extending to the pos- 
terior portion of a cell (Fig. 72E-F). Some of the genera w ith rod organs 
seem*** to have them terminating beneath a cytostomf‘ entirc'ly distinct 
from the gullet. The function of iho rod n]>paratus has bc(* * a thought 
to be that of a trichi te which serves as a supporting organ for the dis- 
tended cytostome.^ 

Flagella of Euglenales are inserted in the base of th(‘ reservoir and 
project through the cytophary]ix. Uniflag('llat(* g(‘nera hav(» the 
flagellum projecting forward. Some hi flagellate g('n(‘ra have hoi h flagella 
of equal length and projecting forward, hut more genera have* flagella of 
unequal length, one projecting forw ard and tin* otli(*r t railing. Ihigleiioid 
flagella are of the feather” type, with a single* row^ of diagonally instated 
cilia along one side.® A majority of the genera inv(‘stigat<*d have been 
shown to have a ncuromotor apparatus of the hle])haroplast-rhizoplast- 
centriole typo. Som<‘ of the uniflagellate genera have* the flagellum 
bifurcating within the reservoir and each fork terminating in a blcpharo- 
plast. One of the hle])haroplasts is conm^cted with an extranuclear 
ceritriole by a delicate rhizoplast; the othc*r is without a rhizoplast. 
Other uniflagellate genera do not have a hif neat ion of the flag(*llum, but 
they may have a granular swelling some distan(*(* above the hh'pharoplast 
(Fig. 73). Biflagellate g(*nera do not liave forking of eith(*r flagellum, but 
there may be granular swellings above the blepharoplasts. Bot.h 
daughter nuclei are connected with a iieuromotor ai)paralu.s shortly after 
mitosis is completed and before division into two daughter cells.® It has 

* Sco Hall, 1923; Baker, 1920, and liackey, 1934, for the literature on niiiosis. 

* Gunther, 1928; Hall and Powell, 1928. ' 

* Brown, 1930; Lnekoy, 1929; llhodoH, 1926. 

* Hall and Powell, 1928; Rhodes, 1926; Sfjhaeffer, 1918. ® Peterson, 1929. 

* Baker, 1926; Brown, 1930; Hall, 1923; Hall and Powell, 1927, 1928; Lackey, 1934. 
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been hclcP that both have been formed anew, but it is more probable that 
the iicuromotor !?ystem attached to one daughter nucleus ib that which 
was attached to the original nucleus and that the system of the other 
daughicr imcleub has been formed de novo.^ 

Mobt of the Euglenal(‘s with chloroplasts and certain of the colorless 
species have an eyespot at the anterior end of a cell. It is a more or less 
flattened plate, and in certain cases it is held*^ that there is a hyaline lens 
external to the piguientf'd plate. 

Asexual Reproduction. Multiplication is by cell division, and it may 
take place while the colls aie actively motile or after they have come to 
rest. Cell division is longitudinal and begins at tlu^ anterior end of a cell 
(Fig 73). In some .^pc'r k's, crdls come to lest b(‘fore di\ ision, often devel- 
oping a gelatinous sheath Sometimes the daughter protoplasts do not 



( X 1 400 ) 


OM-apo from Iho R<Iahiiou> matux Iw'ton' tficy <li\ide again.* In such 
rab(*h tlirro is a dovolopmout ot tcinpuimy palinclloid colonies in which 
the cells may utuni to a motile condition at any tune. Genera with a 
lorica have the protojilast di\ ulingMiihiii the loiica. One of the daughter 
lirotoplasts ri-niains withiu the old loiiea; the other escapes and secretes a 

new lorica. 

Thick-walled resting stages (cysts) arc common in many genera. 
Sometimes the eyst is of the same general sluiie as a motile eell, but more 
often it is quite diffeient in shape and either sphencal or polygonal. 
Protoplasts of cysts may produce a considerable amount of haemat^ 
chrome and become a deep red. Germinating cysts usua,lly have the 
protoplast escaping Ironi the wall and developing into a sin^e motile wli. 

Sexual Reproduction. Gametic umon has licen described for a few 
euglenoids,® but the oiilj^well-authenticated ease seems to bo that of 

‘ Baker, 1926. ’ Ixiofer, 1931. ’ Mast, 1928. 

‘Dangoard, 1901 ; Tannreuther, 1923 
‘ Ucrlmer, 1909; Dobell, 1908; Haase, 1910. 
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Scytomom$ (Copromoruu Dobell). However, the only fact established 
with certainty is the fusion of motile gametes, since the supposed division 
of nuclei observed^ in conjugating cells of Sq/tomonaa is extremely 
doubtful. 

Classification. Several systems* for the classification of Euglenales 
stress the mode of nutrition and group them in three families according 
to their hoiophytic, saphrophytic, or holozoic nutrition. Such a classifi- 
cation is arbitrary because there are certain genera, as Euglena, in which 
some species have chloroplasts and other lack them. The best basis for a 
differentiation into families seems to be the finer cytological structure, 
especially that of bifurcation and granulation of flagella.* The taxonomic 
significance of the pharyngeal rod apparatus is less certain. Some 
euglenophiles* place great emphasis on this structure; others* hold that 
it is one of minor importance. In any case, only three or four families 
are recognizable within the order. 

ORDER 2. COLACIALiS (EUGLENOCAPSALES) 

The Colaciales have immobile cells permanently encapsulated within 
a wall and united in amorphous or dendroid palmelloid colonies. There 

may be a temporary formation of naked 
uniflagellate stages. 

The single genus, Colacium, is epizoic upon 
copepods, rotifers, and other members of the 
fresh-water zooplankton. There are but two 
species. 

Cells of Colacium (Fig. 74) are surrounded 
by a gelatinous envelope and are affixed, with 
the anterior pole downward, by means of 
gelatinous stalks, to the host. The stalks are 
the result of a greater secretion of gelatinous 
material at the anterior end of a cell. When 
cell division takes place, each of the two 
daughter cells secretes a stalk of its own, and 
they remain attached to the stalk of. the 
parent cell. Repeated cell division results in a 
dendroid colony in which the cells are borne at 
extremities of a repeatedly branched 
gelatinous-stalk system. 

The cells of dendroid colonies are ovoid or subcylindrical. They 
contain numerous discoid chloroplasts, with or without pyrenoids. There 

* Dobell, 1908. ' Klebs, 1892; Lemmermann, 1^3; Senn, 1900. 

* Hall and Jahn, 1929; Lackey, 1934. * Brown, 1930; Rhodes, 1926. 

* Odl and Jahn, 1929. , 
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is a single large nucleus toward the upper end of a protoplast. The 
lower portion of a protoplast, the morphologically anterior end, contains 
a conspicuous gullet and an eyespot. Flagella are not evident in proto- 
plasts of dendroid colonies.^ 

Cells grown in culture on agar slants are globose and surrounded by an 
envelope that is without a stalk.* Their daughter cells may separate 
from each other immediately following cell division, or the two may 
remain within the parent-cell envelope. Repeated division of cells 
within a common envelope may continue until there is an amorphous 
palmelloid colony of 20 or more cells. Palmelloid cells are ordinarily 
uninucleate, but they may become larger than usual and two- to 
eight-nucleate. 

Protoplasts of Colacium may also develop into naked amoeboid stages 
that divide vegetatively.* There m»y also be a formation of naked 
amoeboid stages with four to eight nuclei.* The only known method of 
reproduction in these plasmodial stages is a budding off of uninucleate 
portions and a metamorphosis of them into uniflagellate swarmers. 

A cell of the dendroid or palmelloid stage may have its protoplast 
developing a single flagellum and escaping as a free-swimming zooid.* 
Such zooids (Fig. 740) usually swarm for a short time only before they 
lose their flagella and scerete walls. In rare oases® a zooid may divide 
into two daughter zooids while in a motile condition. 
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CHAPTER IV 

PYRROPHYTA 

The Pyrrophyta have protoplasis with pigments localized in yellowish- 
green to golden-brown chromatophores. Photosynthetic reserves gen- 
erally accunndate as starch or starch-likc comjiounds, but they may also 
accumulate as oil. Cell walls, when present, generally contain cellulose. 
Most members of the division are uniiMdhilar billagc'llate organisms with 
or without a dc'fiiiite wall. Some genera are without iiagella, alga-like, 
and either unicellular or colonial. Immobile genera may reproduce 
by means of zoospores or aplanospores. Sexual reproduction is found 
in but two or three gisiera. 

There are about 135 genera and 1,000 siw'cies; some marine, others 
fresh Avater. ^ 

Tlie Pyrro])hyta differ from other algae with more or less browmish 
chromatopiior(\s in that they form starch or starch-like compounds. 
For a long tijn(' all known gt'iuTa were unicellular biOagellate organisms 
whose affiniti(‘S were thoughi to be w^ith the protozoa. During recent 
years a f(‘\v truly algal unicellular and colonial foiins have been di£r 
covered w^hich (jbvioiisly are related to the (*arlier known motile forms. 

The Pyrro})hyta have b(‘en divided^ into tliree elasses. 

CLASS 1. CRYPTOPHYCEAE 

Protoplasts oi Ciyptophyceae usually eontain tw'o more or less 
browni*-h ehromatophores w'illi or without i)yrenoids. Reserve foods of a 
cell generally accumulate as stanch or starcli-like compounds. Motile 
cells are com})ressed and biflagellate, wiili the flagella slightly different 
in length and inserted either teiininally or laterally. 

There are about 12 genera and 30 .speci('s, most of which are fresh- 
water. 

The Crypt ophyceae arc a small, imperfectly known, phyletic series 
in which most of tlie genera are motile uiiieellular cryptomonadSj but 
in w'hich two of tli(» genera are immobile nonflagellated algae. The 
affinities of the eryptoinonads w ere thought to be with the chrysomonads 
until Paseher’* showed that they have more in common with the dino- 
flagellatea. iMier, ho p^posed® that the cryptomonads and dinoflagel- 
latos be placed in a separate division, the Pyrrophyta. 

* Paschcr 1911, 1914, 1931. * Pasoher, 1911. • Pascher, 1914, 1931. 

* 151 
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Fresh-water cryptomonads usually grow in waters rich in organic and 
in nitrogenous material. They frequently grow in waters containing 
euglenoids, sometimes growing in considerable abundance. 

The motile genera are plj^ed in a single order, the Cryptomonadales. 
Their cells are compressed and have a superficial curved longitudinal 
furrow extending back from the point of insertion of the'fiagclla (Fig. 
75). Cryptomonads with terminally inserted flagella have a truncate 
anterior end and a broadly rounded posterior end. Those with laterally 
inserted flagella have more or less reniform cells Most cryptomonads 
have the surface near the insertion of flagella 
invaginated to form a gullet that extends deep into 
the protoplast (Fig. 76). The gullet is generally 
rigid and surrounded by a layer of colorless rod-like 
or granular tnchoblasts. The function of the gullet 
is uncertain, and it is not definitely established that 


A B 

Fiq. 75 — Cryptomonas oveUe^ Fio 76 — Chit-' 

£hr {A, after Steiiit 1878, B, omonaa ParatMie- 

after Poacher^ 1913 ) cy/m Ehr (After 

Ulehta, 1911 ) 

cryptomonads ingest solid foods ^ There is a single large contractile 
vacuole at one side of the gullet, and it seems to discharge its contents 
into the gullet. 

The two flagella may be inserted in the gullet rather than on the free 
surface of a cell. One cryptomonad is known* to have a definite neuro- 
motor apparatus with the bl^haroplost coimected to the nucleus by a 
conspicuous rhizoplast. Flagella of cryptomonads are slightly different 
in length and usually somewhat flattened. Both may project forward, 
or one may project forward and the other trail as a cell swims through 
the water. ( 




> thehls, 1911. 
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Most species have two laminate chromatophores just within the 
plasma membrane and nmning longitudinally through a cell. Their 
color is generally an olive-green to a golden brown, but it may be blue- 
green or a Burgundy red. Pyrenoids of some species are embedded in the 
chromatophores; tho^e of other species lie in the cytoplasm. In either 
case, the starch or starch-like granules of a cell may either encircle the 
pyrenoids or lie along the inner face of the chromatophores. Accumula- 
tion of starch and other reserve foods may be due cit her to photosyiithetic 
activity or to a saproi)hytic nutrition of the cell. 



{After RauiscK 1011 ) U, X 1.000, B, X 1.500 ) 

Cryptomonads aie uninucleate and with the nucleus tow^ard the 
•posterior end of the cell The nut lens (Fig 76) has a definite membrane, 
a nucleolus, and a diromatic network ^ Its dnision is mitotic. 

Reproduction of ciyptoiuonads is by longitudinal division and usually 
takes place while the cells are actively motile. Cell division is pieceded 
by a division of the nucleus and a ]>ipaitition of gullet and vacuole.* 

The two imm()l)il(‘ genera lui\e bc^eii placed in separate orders.^ One 
of them has solitaiy angulai (ells suriounded by a thin firm w'all:^ the 
other^ has ovoid cells united in amorphous palmelloid colonies containing 
an indefinite number of cells (Fig. 77A). Reproduction of both genera 
is by a formation of crypt omonad-like zoospores (Fig. 775). 

CLASS 2. DESMOKONTAE 

The Desmokontae differ from other Pyrrophyta in that the wall of a 
cell is vertically divided igto two halves (valves) that are without sub- 

* BCIaf, 1916, Rcicbardt, 1927; tJlclilA, 1911. * Reichardt, 1927; Clehla, 1911. 

* Paacher, 1931. ^ Pascher, 1914. • RcMiiach, 1911. 
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division into definitely arranged plates. Motile cells have two apically 
inserted flattened flagella that differ from each other in type of movement. 

There are about six genera and 30 species; all rare organisms and most 
of them marine. 

The dinophysoid dinoflagellates have been included^ among the 
Desmokontae because their walls are vertically divided into two valves. 
However, recent studies* on valve structure among the dinophysids have 
shown that there is a series of definitely arranged plates, just as in 
“armored” dinoflagellates. 



Fig. 78 . — Exuviaella marina Cienk. surfiice views from front and mdo; C, 

optical section. {A-B^ from SchiUl, 18U6; (\ afUr Kleha, 1S84 ) (.4 /f, X 000, X 300.) 

Some of the De.'imokontae are naked and biflagellate, o< hers are motile 
and have a wall. One genus is immobile and has a wall. Each of the 
three foregoing types has been made an order.'* 

Exuviaella, with about 10 species, is a marine flagellate with more or 
less compressed ellipsoidal cells (Fig. 78) . Its protoplast is surrounded by 
a cellulose wall consisting of two longitudinally apposed valves. * Each 
valve has many small pores that are irregularly distributed over the entire 
surface except the marginal region apposed 1 o t he ot her valve. Exuviaella 
is biflagellate with the two flagella protruding through a common pore 
encircled by a ring of small teeth. One of the flagella projects vertically 
outward from the pore, and its lashing propels the cell through the water. 
The other flagellum stands at right angles to the propulsive flagellum 
(Fig. 78C). Its movement is imdulatory and causes a rotation of the cell 
as it moves through the water. 

C 

* PritBoh, 1936; Pasoher, 1927, 1931. 

* Kofoid, 1926; Kofoid and Skogsberg, 1928; Tai and Skogaberg, 1932. 

* Paacher, 1927, 1931. * Klebs, 1884, 1912; SchUtt, 1890. 
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The protoplast contains two brownish laminate vertically elongate 
chromatophores, with or without pyrenoids. Reserve foods accumulate 
both in the chromatophores and in the cytoplasm. They include minute 
granules, probably of a starch-like nature, and small droplets of oil. 
There are two conspicuous vacuoles in the upper half of a protoplast, 
but they are not contractile. The single nucleus lies toward the posterior 
end of a cell. 

Reproduction of Exuviadla is by longitudinal division. Each of 
the daughter cells receives one valve from the parent cell and secretes 
an entirely new one. 


CLASS 3. DINOPHYCEAE 

Cells of most l^inophyccae have a numher of golden-brown to choco- 
late-brown discoid chromatophores that are with or without pyrenoids. 
Certain species lack chromatophores. The reserve foods are stored as 
starch or as oil. The cell wall, when present, contains cellulose, and in 
most motili' genera (dinoflagellatos) it consists of a definite number of 
articulated plal(*s. Rinoflagellates and zoospores of immobile genera 
are encir(*led by a transverse grooxc (the girdle). The two flagella are 
inserted in or near the girdle; one of them encircles the cell transversely, 
the other cAtciidtD \crtically Inickwurd. 

Reproduction of motile g(*nera is usually by vegetative division, 
either while a c('ll is in motion or after it has come to rest. Motile 
genera may also i)roduce aplanos])ores (cy^hs), and one of them is known 
to reproduce sexually. Reproduction of immobile genera may be by 
means of zoospores or aplanospores. 

There are about 120 geiK'ra and 960 species, almost all of which 
are marine idanklon organisms. Ninety per cent of the genera are dino- 
flagellates; the remainder are unicellular, palmelloid, or filamentous algae. 

The Cell Wall. A majority of the dinoflagellatos and all of the 
immobile' geuK'ra have a de'finite wall. Walls of most species give a 
definite cc'llulose reaction, but there are certain species that do not s-^em 
to have cellulose in their walls.^ The c('ll wall may consist of a single 
layer; or it may be differentiated into two layers, the outer of cellulose, 
the inner of unknown chemical composition. ^ Dinoflagellates rarely 
have the wall surrounded by a sheath of pectic material, but immobile 
genera generally have a pectic sheath. ^ 

Immobile genera and a few of the dinoflagellates have homogeneous 
walls. Almost all of the dinoflagellates have a wall composed of inter- 
locking plates. The nuni^cr and arrangement of plates are characteristic 


* Schilling, 1891. 


* Mangin, 1907, 1911 
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of particular genera and species and are important diagnostic characters. 
The plates are usually covered with minute spines or with a fine reticulum 
of small ridges. These are not arranged in a definite pattern, but are 
usually more numerous near the margin than at the center of a plate. ^ 
The lines of juncture between plates, the sutures, are sometimes incon- 
spicuous, but usually they are strongly evident and with a longitudinal or 
a transverse striation. As seen in cross section the abutting margins of 
plates may overlap each other, or they may be slightly infolded along the 
line of mutual contact. ^ 

Structure of the Protoplast. Chromatophores of Dinophyceac are 
quite variable in color and in shape. A majority of species have rod- 
shaped, discoid, or irregularly band-shaped chromatophores at the periph- 
ery of the protoplast. Some species have a single stellate axial 
chromatophore with numerous radiating processes.® Many species have 
pyrenoids that may lie within the chromatophores or external to them.^ 
Pyrenoids of Dinophyceac arc similar to those of Chlorophyceae in that 
they have an encircling sheath of starch plates. The yellow-brown 
coloration of chromatophores has been as**ribed® to the joint presence of 
a water-soluble brownish-red phycopyrrin and an alcohol-soluble reddish 
peridinin. According to another iin'estigation® of the pigments, there is 
no phycopyrrin. The question of whether Dinophyceac have special 
pigments is in the same unsettled state as that of special pigments in 
Chrysophyceae, Bacillariophyceae, and Phacophyccae. Some Dino- 
phyceae also have a blue pigment, possibly similar in nature to the phyco- 
cyanin of Myxophyceae. This may be present in sufficient quantity to 
give the chromatophores a distinctly blue-green color. 

Cells of Dinophyceac store their photosynthctic reserves as starch or 
as oils. As a gencjral rule,^ the chief food reserve of fresh-water species is 
starch and that of marine species is an oil. In some cases starch forma- 
tion is associated with pyrenoids; in other oases there arc no pyrenoids, 
and starch is deposited either in chromatophores or in the cytoplasm. 
‘‘ Unarmored and ‘‘annored’^ dinoflagellates with chromatophores may 
also ingest solid foods, and this holozoic method of nutrition may bo fully 
as important as the holophytic. Nutrition of species without chromato- 
phores is holozoic or saprophytic. Algae and protozoa are among 
the most easily recognized of the ingested foods, and in some cases* the 
ingested organism may be about half the size of the dinofiagellate. The 
method by which armored dinoflagellates ingest food is not fully known, 
but it probably takes place by means of pseudopodia extruded from the 
girdle region.'*' ’ 

V 

' Kofoid, 1909. * Wernor, 1910. • Geitlcr, 1926. ^ Conrad, 1926. 

* Schiitt, 1890. • Kylin, 1927. » KUlian,. 1924; Klebs, 1912. 

B Hofon^er, 1930; Woloszydska, 1917. * Hofeneder, 1930. 
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Protoplasts of dinoflagellates usually contain two pvlvulei, but some- 
times there are more or less evanescent accessory pulsules.^ Fulsules 
bear a superficial resemblance to contractile vacuoles, but they have a 
distinct membrane and are noncontractile. A pulsule consists of a sac- 
like vacuole that is connected with the exterior of the cell by a slender 
canal opening into a flagellar pore of the ceU wall. Fulsules are concerned 
with the intake of fluids and not, as might be supposed, with the discharge 
of liquids.® 

All dinoflagellates and presumably all cells of immobile genera are 
uninucleate. The nucleus is surrounded by a distinct membrane and 
contains a conspicuous nucleolus. Early karyological studies describe* 
a reticulate arrangement of the chromatic material, but more recent 
investigations show^ that the resting nucleus has moniliform chromatic 



threads with a parallel or spiral arrangement (Fig. 79). This arrange- 
ment persists even when the cells enter upon a resting aplanosporic condi- 
tion. Nuclear division is mitotic and with or without a persistence of the 
nuclear membrane. 

Many dinoflagellates and zoospores of most immobile genera have an 
eyespot. This is usually of simple structure, but in certain genera* there 
is a definite ocellus composed of two parts; a refractive hyaline lens and a 
surrounding pigment mass. 

All motile cells arc biflagellate and with laterally inserted flagella. 
One flagellum is thread-like and extends vertically backward from the 
point of insertion. It waves in a broad arc or with an active vibration of 
the distal end. The other flagellum is usually, if not always, ribbon-Hke* 
and lies in the girdle encircling the cell. It moves in a spiral^ or an 

1 Kofoid and Swezy, 192^ • Kofoid, 1909. 

» Borgert, 1910; Jollos, 1910; Lauterbom, 1895. 

* Entz, 1921; Hall, 1925; 1926A; Kofoid and Swezy, 1921. 
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undulatory manner. Two genera have been shown^ to have a blepharo- 
plast-rhizoplast-centriole type of neuromotor apparatus. The centriole 
is extranuelear and connected with two diverging rhizoplasts, each 
terminating in a blepharoplast. Nuclear and cell divisions are preceded 
by a bipartition of the neuromotor apparatus (Fig. 79). The centriole 
divides into two daughter oentrioles that move to opposite poles of the 
nucleus. The two rhizoplasts, still attached to blepharoplasts and 
flagella, are distributed one to each daughter centriole. Shortly after 
their separation each of the daughter ccntrioles* develops a second rhizo- 
plast and blepharoplast. 

Classification. Most systematic* discussions of the Dinophyceae have 
been concerned with the dinoflagellates alone. ^ Such systems are inade- 
quate because they do not take into consideration the immobile algal 
types derived from the dinoflagellates. There is a general agreement that 
the naked (unarmored) dinoflagellates are the most primitive of all Dino- 
phyccae. It is also generally agrc'cd that at least two series of armored 
dinoflagellates have been evolved from them. The immobile Dino- 
phyceae also seem to have been evolved dire(‘tly from the naked dino- 
flagellates. Their evolution from a motile unicellular ancestor is similar 
to that among Chlorophyceae, Xanthophyceae, and Chrysophyceae, and it 
has been proposed** that immobile Dinophyceae b(» divided into ord(*rs 
analogous to those in the three classes just mentioned. Ac(*ording to the 
foregoing bases, the motile genera fall into three orders and the immobile 
genera into four. 


ORDER J. GYMXODTNLU.es 

The Gymnodiniales include all of the dinoflagellates with naked proto- 
plasts or protoplasts with a homogeneous envelope that is not divided 
into plates. Vegetative cells are always motile and with two characteris- 
tic dinophyccan flagella. 

There are some 35 genera and 330 species, almost all of which arc 
marine. Most of the marine specif ‘s jire frec^swimming plankton organ- 
isms, but there are also a number of parasitic genera^ that are .either 
ecto- or endoparasites of various marine animals. 

Free-swimming Gymnodiniales are usually solitary, but there is one 
genus where two, four, or eight cells are supcrimposf'd in permanent colo- 
nies.^ Cells of Gymnodiniales are circular, oval, or subrhoml>oidal in front 
view, and circular to narrowly ellii)soidal in vertical view. Most species 
are naked, with the surface of the cytoplasm smooth or longitudinally 

C 

iRall, 1925, 1925A. 

* Kofoid and Swezy, 1921; Lindcmaim, 1928; Schtitt, 1896; Went, 1916, 

• Pascher, 1927, 1931. ^ Chatton, 1920. * Kofoid and Swezy, 1921. 
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striated. A few fresh-water species have been described^ as having a 
delicate wall composed of a large and indefinite number of small hexagonal 
platelets. All species have a transverse furrow (girdle), that is, a descend- 
ing left-wound spiral, A^ith the ends more or less widely separated from 
each other. The separated ends of a girdle are connected to each other 
by a vertical furrow {sulcus) that may i)roject beyond the upper or lower 
ends of a girdle (Fig. 80). The flagella are inserted in the sulcus. The 
transverse flagellum is always inseited at the level of the upper end of the 
girdle; the longitudinal flagellum is variable in insertion, although usually 
below the level of the lower end of the girdle. 

Most species have numerous discoid or 
bacilliform chrornatophores but several species 
lack them ^ The chrornatophores are usually a 
golden brown, but they may be greni, blue- 
green, or blue Coloration of Gymnodiniales 
is not due entirely to chrornatophores since the 
cytoplasm may also be tinged with colors 
covering nearly the whole range of the 
spectrum. 

Reproduction is usually by ( ell dn isioii and 
may take place while the cells are motile or 
immobile, 'riie plane ot duision is generally 
vertical, but it may be trans\eise Gym- 
nodiniales may also form ^'leslmg cysts’" that 
are compaiable to the aplanospores of Chloro- 
phyceae. 'J'he cysts are globose and sur- 
rounded by a definite wall The cnitire 
protoplast of a cell generally (le\ clops intc^ a 
single cyst, although it may di\ide to foim two 
cysts.® The protoplast of a germinating cyst 
may develop into a single zoospore, or it may 
divide to form two or more zoospores These 
may be Jibc^rated immediately or letained for some time within the 
gelatinized w^all. 



80 — Gymnodtmum 
abbni latum Kofoid and 
SA\ez> {After Kofoid and 
Swe^y lOJl) (X 825) 


ORDIOR 2. PERI DI\I ALES 

The Poridiniales include the dinoflagcllates with a wall composed of a 
definite number of plates arranged in a specific manner, and in which the 
entire wall is never vertically separated into two halves or valves. 

There are about 60#cncra and 476 species, almost all of which are 

marine plankton organisms. 

» Woloszyiiska, 1917. * Kofoid and Swezy, 1921. • Kleba, 1912. 
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The transverse girdle divides the wall into two parts, epitheca and 
hypotheca, each with the plates in transverse bands or series.^ Plates 
(Fig. 81) in the uppermost series of an epitheca are called apicat plates, 



^ B c D 

Fig 81 . — Pendinium wiacormnenae 'Eddy. (X650.) 


and those in the series adjoining the girdle arc precingrdar plates. Some 
genera have an incomplete band of anterior intercalary plates between the 
apical and precingular series. In the hypotheca there is a series of 



Fio. 82. — Cell divimon of Cerattum hirundindla (O F.M.) Sehrank, sbowina the method of 
diatnbution of plates to daughter cells. (.After LatUerbom, 1896.) 

postdngular plates next to the girdle and one orCvo antapical plates below 
them. Occasionally there is a single posterior intercalary plate between the 
>Kofoid, 1907, 1909. 
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two series. Many genera have a thin membranaceous ventral plate inter- 
calated in the girdle region and extending through or into the pre- and 
postcingular series. The so-called ventral plate is really a series of htyh^. 11 
plates. The girdle is also made up of a series of curved plates. 

Each of the two flagella emerges through a small pore in the region 
of the ventral plate. One is band-like and lies within the groove of the 
girdle; the other is thread-like, is straight, and extends toward the 
posterior end of a cell. 

The protoplasts are uninucleate and almost always have many 
golden-brown chromatophores. 

Reproduction of Poridinialcs is usually by division into two daughter 
cells. This may take place either while the cells are actively motile 



Fiu. 83. — A~C, cysts ami zoosjxjrt* of GUnodtmum uJigtnoHum Schilling; D, cyst of Hemi- 
dinium nasuturn Stein. (/I from G S. Wchi, 1909) , />, from Woloszynskat 1926.) 

or after they have eomo to rest. The plane of tlivision is always more or 
less oblique, and each dauRhter cell may receive a portion of the parent- 
cell wall (Fif?. 82), or the daughter protoplasts may escape from the old 
wall -and develop entirely new walls. In the former ease the parent-cell 
wall breaks in a spec ilic manner and in such a fashion as to distribute 
certain epi- and hjqiothecal plates to each daughter cell. Peridiniales 
may also produce aplano&pores (“resling cysts,” Fig. 83). 

The older literature on the Peridiniales contains several meager 
accounts of sr'xual reproduction, all of which arc now thought to be based 
upon a misinterpretation of cell division. The description of a true 
conjugation in one of the genera (Ceraliumy was not generally accepted 
when first published, but recent confirmatory evidence* seems to diow 
that this dinoflagellate does reproduce sexually. This takes place by two 
cells becoming apposeil each other, establishing a conjugation tube, and 
forming a zygote midway between the two old cell walls. 


ZeUerbauer, 1904. 


> Hall, 1925. 
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ORDPjR 3. DINOPHYSIDALES 

The Dinophysidalofl are dinoflagellates with a wall composed of a 
definite number of plates arranged in a specific manner and with a wall 
that is vertically differentiated into two ai)poscd halves (valves). 

There are al)out 10 genera and 150 species, all marine and almost all 
of them plankton organisms. 

The Dinoph 3 "sidales have been referred^ to the Desmokontae because 
the wall was thought to consist of two valves without a differentiation 
into plates. Both valves of a wall are no\v known^ to consist of a specific 
number of plates arranged in a definite manner. 



plates of left-hand valve; />, disartieiilaled plales* of right-hand valve; E, suleal plates. 
{Based uyvn Tai and iSkogsherg, 1034.) 

Dinoiihysidales resemble Peridiniales in that a tnuisv<‘rse girdle 
divides the wall into epi- and hypotheca but differ from tlitmi in that the 
cpithecal portion is small and tlie hypotlu'cal is very large. Dino- 
physidales also diff(‘r from Peridinial<*s in that tliere is rt'gularly a de^'elop- 
ment of conspicuous trarisvers<‘ wings by mai-giiis of epi- and hypotlu'ca 
abutting on the girdle (Fig. 84). There may also bo a conspicuous 
development of wing.s on the vertical zigzag saggital line (suiuni) where 
the two valves are a])posed to each otiier. The wings have bet^n con- 
sidered** upturned margins of plates. Wings along the suture may be 
restricted to the ventral face of a cell (that bearing the flag<‘lla), oi* they 
may be upon both dorsal and ventral faces. 

The wall always consi.sis of 17 plate.s.^ The epiihcca is composed 
of five plates; a small symmetrical pair, a large, symmetrical pair, and a 
single small asymmcjtrical pore plate. The girdle consists of two sym- 
metrical pairs; one large, the other small. The hypotheca coiusists of 
eight plates; two symmetrical i)airs, one very l^rge and the other small, 

iFritsch, 1935; Piisehor, 1931. 

*Kofoid, 1920; Kofoid and Skogsherg, 1928; Tai and Skogsborg, 1934. 

* Tai and Rkog»bcrg, 1934. 
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and an asjTnmctrioal group of four small platelets that lie in the longi- 
tudinal furrow {svlcus). 

The arrangement of the flagella and the struc'ture of the protoplast is 
as in the Peridiniah's 

Reproduction is by longitudinal <Uvision. Kach daughter protoplast 
receives one of the valves of the paient-cell wall and forms an entirely 
new half wall. 


ORDER 4 RIIIZOI)r>,lAbJ.S 

The Rhizodiniales are Dinoph^ceae in which the \egetative cells are 
naked and amoeboid The single known reiireseiitativc, Dinainocbidiutn 
variatis Pascher,’ is niatine 



Dmamofbuimin tPig 8.)) is an oig.inism in which ■vegetative cells are 
jM'rmanently amoeboid, not tempoiaiily ‘•o, as in eeituin Peiidmialcs. 
The iirotojilasts aie without chiomatoiihoies but have a conspicuous 
nueleus Amooboid movi'mi'iit ol telN is vigoioiis and due to a sending 
forth of plumi) pseudopodia somewhat shortei than those of Amoeba 
protcua. The nutiitioii of Ihnamoibnhum is holo/oic, and its cells fre- 
quently contain unicell ulai algae and plot ozoa (Fig 85A). 

Vegetative division ot the amoeboid stage lias never been observed,^ 
but a formation of temporary <"ysts tak(>s jilace quite frequently. An 
amoeboid protoplast becomes spiiulle-shapi'd and secietes a gelatinous 
wall with a thickened cap at either pole (Fife. 85R). The encysted 
protoplast soon divides transv'^ersely, and each of the daughter protoplasts 
redivdde once or twice. Ct'suation of division is followed by a n^eta- 
morphosis of each daughter piotoplast into a naked Gymnodinium-Ulie 
zoosjiore w ith a single traiisv ersc flagellum (Fig. S5C-D). The zoospores 
are libcrati'd by a .softeAig of one pole of the enclosing cyst wall. Their 
shape changes continually as they swim about through the water. 

1 Pasolior, 1916. 
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Swarming rarely lasts for more than 15 minutes; then the zoospores 
retract their flagella and become amoeboid. 

ORDER 5. DINOCAPSALES 

The Dinocapsalcs are palmelloid Dinophyceae with a temporary 
motile g 3 annodinoid stage. The order corresponds to the Tetrasporales 
of Chlorophyceae, Heterocapsales of Xanthophyceae, and Chrysocapsales 
of Chrysophyceae.^ 

The single member of the order, Oloedinium montanum Klebs, is 
fresh-water and found in peaty marshes. Its cells are large, subspherical, 
and are united in packet-like colonies by a common, concentrically strati- 
fied envelope (Fig. 86). The* cells 
are uninucleate and contain many 
small biownish chromatophores 
that aie sometimes radially ar- 
ranged.^ The protoplasts contain 
considerable starch, varying 
amounts of a colorless oily sub- 
stance, and large droplets of an 
orange-red oil. 

A cell divides vegetntively into 
two daughter cells that are retained 
within the enlarged envelope of the 
parent cell. This envelope usually 
persists until one or both of the tw^o cells have diviiled. However, the 
colonies rarely develop beyond the four- or eight-c(‘llcd stage because of 
gelatinization and degeneration of envelopes derived from the penulti- 
mate or antepenultimate cell generations. 

In addition to multiplication by cell division there may be a repro- 
duction by means of naked gymnodinoid zoospores.® 

ORDER 6. DIXOTRKTIALKS 

The Dinotrichales are Dinophyceae in which the cells are immobile, 
more or less cylindrical, and joined* end to end in branching filaments. 

There are tw^o genera; each with a single species.^ 

Filaments of one genus {Dinothrix, Fig. 87 A) arc the same diameter 
throughout; those of the other genus {Dinoclonium, Fig. 8713) are gradu- 
ally attenuated toward the branch apices. Cell walls of Dinotrichales 
are stratified and contain cellulose. The protoplasts contain many small 
disciform chromatophores with a typical din^^hyccan color. Food 
reserves are stored either as starch or as oil. 

^ Pascher, 1927. ^ Killian, 1924; Klebs> 1912. * KiUian, 1924. 



Fio 86 -.-(/loedtmum montanum Kiel 
{After Klebt, 1912 ) ( X 510 ) 
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Increase in length of a filament is due to transverse division of the 
cells. Ihe two daughter protoplasts may at first have a gymnodinoid 
transverse furrow and an cyespot/ but these features disappear after 
each protoplast becomes invested with a wall layer of its own. Repro- 
duction of Dinotrichales is due to a formation of GymnodtniurnrYiikid 
zoospores that are liberated through a pore in tlie lateral wall of a cell. 
The entire protoplast may develop into a single zoospore (Fig. 87C), or it 



Fig 87 — DmotnohalcB filament of Dinotnnx paradoxa Pnechcr, B-C, filament and 

zoospore of Dtnodomum C onradt Pischer {From Pascher, 1Q27 ) 

may divide to form two daughter protoplafetb, each of which becomes 
a zoo&porc. 


ORDER 7. DINOCOCCALES 

The Dinococcales are unicellular immobile Dinophyceae in which 
there is no vegetative cell division and in which new cells are formed by a 
production of zoospores or aplanospoiis (autospoies). 

The order includes about 7 goneia and 13 species, most of them fresh- 
water. 

The cells may be free-floating, or they may be sessile and attached 
to the substratum by a conspicuous gelatinous stipe.* Free-floating 
cells may be globose, lunate, oi angular. Their protoplasts are uni- 
nucleate and with many disciform to rod-shaped golden-brown chromato- 
pbores (Fig. 88). f 

Reproduction is generally by a division of the protoplast into 2, 4, or 8 
gymnodinoid zoospores.* One species has been found’ producing zooids 
of two different sizes, an* there is a possibility that the smaller of the two 

• Pascher, 1927. *Geitlcr, 1928; Klebs 1912; Pascher, 1927. > Pascher, 1928. 
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is gametic in nature. Zoospores (Fig. SSB-C) are usually liberated 
through a rent in the parent-cell wall They swarm for a comparatively 
short tune, become immobile, assume the same shape as the vegetative 
cell, and secrete a homogeneous wall. Daughter piotoplasts within a 
parent-cell wall may as^ume the shape characteristic of the species and 
secrete a waU before they are hberated from the old parent-cell wall. 





Fig 88 — DinococtaUa A ( 1 dradinxum rmnu^ Ptschcr D h Dina^tridium acxanij- 

MZar<’ P ISC her U rom Paschir 1927) 

Such aplanosporos (Fig 88/?) aie comparable to the autosiiores formed 
by certain of the Chlorococcales 
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CHRYSOPHYTA 

The Chr 3 rsophyta have their pigments localized in definite chromato- 
photes and have chromatophores in which there is a preponderance of 
yellowish or brownish carotinoid pigments. Food reserves accumulated 
include oils and leucosin (an insoluble carbohydrate of unknown composi- 
tion). There is never a formation of starch. The cell wall is usually 
composed of two overlapping halves, and it is frequently impregnated 
with silica. The cells may be flagellated or nonflagellated, and solitary or 
united in colonies of definite form. Asexual reproduction may be by 
means of zoospores or aplano.spores. Certain genera of each of the three 
classes are also known to have an endoplasmic production of a unique 
type of spore, the statospore. Sexual reproduction, when present, is 
isogamous and by a fusion of zoogametes or aplanogametes. 

There are approximately 300 genera and 5,700 species. About three- 
foiirths of the species arc fresh-water. 

Until recent years the Xanthophyceae (Heterokontae) were grouped 
with the Chlorophyceae; the Chrysophyceae were placed among the 
Flagellatae; and the Bacillariophyceae (diatoms) were placed in a series 
that was thought to be distantly related to the Fhaoophyccae. The 
suggestion that Xanthophyceae, Chrysophyceae, and Bacillariophyceae 
are delated to one another was first made by Pascher.^ This was based 
upon similarities in pigmentation and food reserves, similarities in struc- 
ture of cell walls, similarities in structure of motile stages, and the endo- 
plasmic production of a distinctive type of spore. Data accumulated 
since then‘ have tended to show that these common features are wide- 
spread among the three. Phycologists arc generally agreed that there is 
a relationship between Xanthophyceae and Chrysophyceae. They are 
less certain concerning the relationship of the Bacillariophyceae to them. 

CLASS 1. XANTHOPHYCEAE 

The Xanthophyceae (Heterokontae) have yellowish-green chromato- 
phores in which carotinoids are present in greater amount than is chloro- 
phyll. There is no formation of starch, and food reserves are stored as 
fats or as leucosin. The cell walls usually consist of two overlapping 
halves and rarely contain cellulose. The plant^ody may be unicellular 
or multicellular. Motile vegetative and reproductive c^ls are biflagellate, 
, 1 Pascher, 1914. • Poscher, 1981, 1924, 1937. 
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with two flagella of unequal length inserted at the anterior ^nd. Asexual 
reproduction may be by means of zoospores or aplanospores. Several 
genera are also known to have an endoplasmic production of cysts (stato- 
spores). Sexual reproduction is of very rare occurrence and, when 
present, is isogamous and by a fusion of zoogametes. 

There are about 60 genera and 150 species. 

Distribution. A few genera are marine, the remainder arc fresh-water. 
Fresh-water Xantho})hyceae are usually aquatics but some of them are 
aerial. Certain aerial species grow on tree trunks, on damp walls, or 
intermingled with mosses and liverworts; other aerial species are terrestrial 
and grow intermingled with other algae of the soil or in dense stands on 
drying mud. Aquatic fresh-waten si^ocies usually grow sparingly inter- 
mingled with otlier algae. Most of them grow in soft waters only. 

Cell Structure. Cell walls of Xanthophyceae are composed chiefly 
of pectic compounds, either pectose or pectic acid. They may be some- 
what impregnat<‘d with silica. Slight traces of cellulose have been found 
in walls of Tnhonema,^ and it has been held that the wall of Botrydium^ 
consists almost wholly of cellulose Many genera have cells that are 
enclosed by walls withXwo overlapping halves that fit together as do the 
two halves of a bacteriologist's Petri dish. In unicellular genera the two 
parts may be of equal size or maikedly unequal in length. The two- 
parted nature of a wall cannot usually be made out unless the cells have 
been treated w^ith concentrated potassium hydroxide or with a strong 
(30 to 40 per cent) chromic acid solution. Detailed study® of the wall of 
one unicellular genus {Ophwcyiium) has shown that the longer half 
consists of successive cup-shaped layers fitted one inside the other; the 
smaller half of the cell wall, the cover, is homogeneous in structure. In 
filamentous genera, as Tribonema, the wall oi a filament is composed of a 
linear file of pieces that arc H-shaped in optical section (Fig. 89). They 
alternately overlap one another so that each protoplast Ls enclosed by 
halves of two wsuccessive H-pieces. Each segment (H-piece) of a wall 
consists of two cup-shaped cylinders with a common base that constitutes 
a transverse wall of the filament. Eacli H-picce has a homogeneous 
H-shaped middle piece, the cross bar of the H constituting the median 
portion of the cell’s cross w all, and the \iprightb of the H constituting the 
outermost layer of the lateral wall.* There are also additional layers of 
wall material lining the inner faces of the middle piece, and they lie so 
that each successively formed layer projects beyond the free margin^of 
the previously formed one. The middle piece is the first-formed portion 
of a new wall segment, an^he additional layers are successively deposited 

against it as a cell grows m length. 

‘ Tiffany, 1924. * Miller, 1927; Pascher, 1937. 

» Bohlin/l897. * Bohlin, 1897; Tiffany, 1924. 
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Protoplasts of Xanthophyceae are generally uninucleate and with 
numerous discoid chromatophores. The only pigments within chromato- 
phores are chlorophyll, which is present in small quantity, and carotinoids, 
which are present in abundance. The predominance of carotinoids over 
chlorophyll gives the chromatoi)hore a characteristic yellow’-greeu instead 
of a grass-green color Predominance of carotinoids is best demonstiated 
by the change to a blue-green color w'hen the cells are heated in con- 
centrated hydrochloric acid This color reaction affords one means of 



D 


Fio 89 — W'all 9<ru(ture of Tiihojjfma homhycinum ( \k ) l)tr))Os ind Sol aftor treat- 
ment with potassium hydroxide 1 wo //-pu < es artic ul itc d to cih Io ‘'0 i shikU protoplast. 
B-C\ recently divided cells showiiiff tlu iiiterral ition of a new /f-pieit JJ, //-piece 
(X900) 

differentiating between Xanthophyceae and Chlorophyceae since chloro- 
plasts of the latter remain green or become yellowish green when treated 
m a similar fashion.^ The amount of carotinoids in chromatophores is 
partially dependent upon external conditions, and in certain castvs they do 
not develop in sufficient abundance to cause a typical color reaction when 
cells are treated with hydrochloric acid.* Chromatophores of most 
species are without pyrenoids, but those of certain species, as Botrydium^ 
may have evident pyrenoids. Oil is the chieUfood reserve accumulated 
in protoplasts of Xanthophyceae, but Icucosin, an insoluble white refrac- 

^ Bohlm, 1897; Poulton, 1926. • * Geitler, 1930. 
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tive rc&orvo of unknown chemical composition, is also a rather widely 
disiributod food ro^orve.^ In certain instances the formation of leucosin 
seems to qint(* independent of ])hotosynthesLs and seems to be due to a 
saprophytic nutiition of the cell.^ Not all white refractive granules 
within a protoplast are to be considered leucosin since some are probably 
excretory jirodnets.® This is especially true of old, slowly growing cells 
that contain num(*rous Avhitish granules. Tittle is known concerning the 
finer structure of the nucleus, Imt such nuclei as liave been studied* 
pos'^ess a conspiciioin nucleolus, a nuckar membrane, and considerable 
chromatic material. 

Asexual Reproduction. Multiplication of tetrasporinc' and filamen- 
tous colonies may be purely \egetati\ e and due to an accidental breaking 



of the (olony into t\No pails; most ot the genei.i that reproduce vegeta- 
tively ami all g('mia ^\lthout ^cgetatl^e multiplication produce one or 

more tyiies ol ‘sj)orc . 

ZoospoK's may be toimod singly or in numbers within a cell. Ihe 
z<K)spoIO^ au* bifias-.'llato. ^M(h tho t^^o ll.K-dl.i markedly different in 
length and insdted at the autcnoi end ol the spoie (Fig 90). The 
lonfter flagellum, whu li oKen loui lo mx time^ lonRcr than the shorter, 
extends stiai!?ht ahea<l and is the pioimlsn e organ of a zoospore. Stain- 
ing bv ial of delicate 

cilia ' The shorter flagellum, sometimes calhd the “trailing nagcllum, 
arises from the same point as the longer one and extends backward from 
the point of insertion It is of the “whip” type and is without lateral 
cilia Many of the dcsciipfions of the xanthophycean zoospore as 
uniflagellate ar(> due to a failure to observe the shorter flagelli^, and one 
bv one geiK'ra which were thought to be uniflagellate have been shown 
to be blflagellate. Thus far, there has been no account of the method by 
which flagella are forme#and we cannot say whether or not their develop- 


> Klebs, lfJ92: Molisch, 1923. 
* Carter, 1919; Uwi-s 1913. 


* Ticwia, 1913. 
Vile, 1931, 


* Pascher, 1925, 
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ment is due to a neuromotor apparatus. Zoospores of Xanthophyc^ 
are always naked, and they are usually pyriform. They generally con- 
tain one or more contractile vacuoles and more than one chromatophore. 
Eyespots arc rarely present. 

Instead of producing zoospores, the entire protoplast may develop into 
an aplanospore or divide into a number of parts, each of which becomes an 
aplanospore (Fig. 96C-D). In some cases, environmental conditions 
determine whether the alga shall reproduce by me^ns of zoospores or by 
aplanospores. For example, Botrydium produces zoospores when it 



grows .submerged and aplanospores when it grows on damp soil. Aplano- 
sporcs may have walls that are homogeneous in structure or have walls 
composed of two overlapping halves. An. aplanospore liberated from a 
parent-cell wall may grow directly into a new plant, or it may give rise to 
zoospores, which, in turn, grow into new plants.^ 

A few flagellated and rhizopodial Xanthophyceae are known* to form 
endoplasmic (endogenous) spores within their protoplasts. Such spores 
ar^ usually called cysts, but they may also be called statospores because 
they seem to be homologous with statospores ^ diatoms. In the forma- 
tion of a statospore there is an internal delimitation of a spherical protO- 

* Borzi, 1895; Pascher, 1937. *Pa8oher, 1932A. 
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plast that is separated from the peripheral portion of the ori^nal 
protoplast by plasma membranes only (Fig. 91). The newly formed 
^ (jtatospore then secretes a wall with two overlapping halves of equal or 
unequal size. Germinating statosporos have their contents dividing to 
form two or four daughter protoplasts. The daughter protoplasts may 
be liberated as naked amoeboid bodies or as naked biflagellate zoospores.* 
Sexual Reproduction. A union of motile gametes has been reported 
for a number of genera, but subsequent investigations have shown that 
many of these records are erroneous. Sexual reproduction by a fusion of 
isogamous zoogametes is definitely established for only two genera. In 
one of them {JTrihonemaY one gamete in a uniting pair is immobile and 
the other motile; in the other genus {Botrydium)* both of a fusing pair 



Fio. 92.- -Sexual reproduction of Boliydium granulalum (L.) Grev. A~B, gametes. C-D, 
uniting gametes. K F, zygotes {After Rotenberg, 1930.) 

are motile (Fig. 92). Nothing is known concerning the nuclear behavior 
after gametic union nor concerning zygote germination. 

Evolution and Classification. Pascher was the first to point out* that 
the major evolutionary lines evident among, the Chlorophyceae (page 25) 
are also evident among the Xanthophyceae. Beginning with a primitive 
motile unicellular type, there was an evolution of a tetrasporine colonial 
type, and this in turn lead to a filamentous type of plant body. There 
was also an evolution along the clilorococcine lino in which the cells did 
not divide vegetativcly, and one of the present-day genera (Botrydium) 
has attained a truly siphonaccous type of organization. There are no 
known Xanthophyceae with a volvocaceous type of organization. On 
the other hand, the Xanthophyceae include forms which have evolved 
along the rhizopodial line and in which the plant body is of a naked 

plasmodial type. t 

The Xanthophyceae are segregated into orders on the same basis as 
the Chlorophyceae,* and most of the orders have theu^ counterpart 
among the Chlorophyce#. The Heterochloridales are comparable to the 

>1 IWhor, 19324. ‘Scherffel, 1901. » Rosenborg, 1930. 

* Pascher, 1918. * Pascher, 1913, 1925. 
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Volvocales, the Heterocapsales to the Tetrasporales, the Heterotrichales 
to the Ulotrichalos, the Heterococcales to Chlorococcales, and the Hetero- 
siphonales to Siphonalas. 

ORDER 1. HETEROCIILORTDALES 

The Heterochloridfiles include alj Xanthophyceae with flagellated 
vegetative cells. All genera are unicellular and without cell walls. The 
protoplasts contain two or more discoid or bacilliforin chromatophores 
and one or more contractile vacuoles. Reproduction is by cell division. 
One genus is known to form statospores. 

The order includes about eight genera, ea(‘h with a single species. 
All but one of them are fresh-water, and all are very rare species. 

('('Us of all genera show a marked tendency 
to change from a flagellated to an amoeboid 
stage, and many of them, ^vhen in an 
amoeboid state, supplement their autotrophic 
nutrition by engulfing solid foods. Cell divi- 
sion may take place while the cc^lls are actively 
motile or after they have passed into tem- 
porary palnudloid or amoeboid stages. 

Chloroclmnnonas^ with the single species C. 
minuta L<'wis (Fig. fl3), is a fresh-water flagel- 
lates Its solitary cells are generally free- 
swimming; although sometimes either amoeboid 
or se'^-ih^ and atta(*hed to the substratum 
by a posterior pseudopodiuni-like process'^. Motile cells are pyriform 
to subovoid and ha\c (wo flagella of uneqiml length inserted in 
an oblique depression at 1 he antc'rior (^nd.^ The longer flagellum is about 
twice as long as the cell; the other about half the length of a cell. The 
naked protoplast contaijis two yellowu'-h-green curved chromatophores 
(with their concave faces appo.sed), a single* contractile vacuole laterally 
located near the anb'rior end, and a single centrally located nucleus. 
The major portion of tlie fr)od re'^ervt's are accumulated in a single^ large 
leucosin granule in the ])osterior vnd of a <*ell, but there may be, in addi- 
tion, minute droplets of oil in the cytoplasm. 

Reproduction is by longitudinal division -and takes place while the 
cells are in a motile stat(\ 

ORDER 2. RIIIZOCHLORI DALES 

The Rhizochloridah's have amoeboid })rotoplastH with pseudopodia. 
The protoplasts may be solitary or joined to oft another by cytoplj^mic 
bridges. Solitary protoiflasts may be naked or partially surrounded by 

i Lewis, 1913; Smith, G. M., 1933. 
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w envelope ^ncc) that may bo sessile and attached to the substratum 
y a s ipe. The protoplasts are uniuucleate or multinucleate and have 
one to several ( hroraatophorcs 

Reprod\iction is by vegotatno division or by a division of the proto- 
plast into zoospores The entire piotoplast may round up, secrete a 
wall, and become aplanospore-like; or it may have an endoplasmic forma- 
tion of statospoies 


) 



lici ( hhtrarachnioTi rrptan'* r {Aftir Gfitltr^ 1930 A ) 


The order (Oid.uns about 7 geneia and 10 species, most of which are 
fresh-water 

The Rhizo( liloiidules aie Xantliopliyi e.ie in w Inch the \egetative cells 
are pennaneiitly amoeboid instead oi tempoianly so as in the Hetero- 
chloridales The amoelioid piotoplasts may sepaiatc from one another 
immediately after diMsiou, or they may leraam united by cytoplasmic 
strands until they ha\e bceome plasmodnd'masses with as many as^l50 
cells- ‘ Protoplasts of most lihizoehlondales are uninucleate, but those 
of at least one genus* ar#nultinucleate In some genera the only known 
method of reproduction is a vegetative division into two daughter proto- 

* Geitler, 19304. ' Faschor, 19304 
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plasts.^ In the only known multinucleate genus the protoplast may 
divide to form several zoospores. * This may take place while the proto- 
plast is in a vegetative condition or after it has rounded up and secreted a 
wall. Endoplasmic statospores are also known for this genus, and they 
have been shown* to form zoospores when they germinate. 

Chlorarachnion, a marine genus with the single species C. reptam 
Geitler (Fig. 94), is the largest of all Rhizochloridales. It is a naked 
plasmodium one cell in thickness, with as many as 150 cells joined to one 
another by long cytoplasmic bridges.* The multicellular body may creep 
slowly in a plasmodial fashion across the bottom of a culture dish, or it 
may be free-floating. The individual cells have a single centrally located 
nucleus and a half-dozen or more disk-shaped ehromatophorcs. Most 
of the chromatophores in a cell contain a conspicuous pyrenoid. Chro- 
matophores are never present in the c 3 rtoplasmic strands connecting cells 
one to another. The protoplast also contains minute granules, presumably 
particles of reserve food. Nutrition of a plasmodium is partly autotrophic 
and partly holozoic by a mass ingestion of diatoms or other unicellular 
algae. 

Multiplication is exclusively by cell division, and division may take 
place in either peripheral or interior cells of a plasmodium. 

ORDER 3. HETEROCAPSALES 

The Heterocapsales include those palmelloid Xanthophyceae whose 
imm obile vegetative cells have the ability to return directly to a motile 
condition, or whose zoospores have the ability to divide directly into new 
zoospores. Immobile vegetative cells are surrounded by a gelatinous 
envelope that unites them in amorphous or dendroid colonies containing 
an indefinite number of cells. Cells of Heterocapsales have character- 
istically yellowish-green chromatophores and, so far as known, only fats 
and leucosin as reserve foods. 

Reproduction, aside from vegetative cell division, is by moans of 
naked zoospores. Thick-walled akinctes may also be formed. 

The order contains about eight genera and nine species, all fresh-water. 

CMoroaaccus, with the single species C.fiuidua Luther, has spherical to 
subspherical colonies that may be 20 mm. or more in diameter. The 
colonies are a very pale yeilowish-green, and they may be free-floating or 
attached to submerged aquatics (Fig. 95A). The cells are ellipsoidal and 
lie irregularly distributed within the homogeneous gelatinous colonial 
matrix (Fig. 95B). Each cell contfuns two to six disk-shaped chromato- 
phores, a single nucleus, and two to four leuco^ granules. 

Reproduction is by a direct metamorphosli of vegetative cells into 
dongate naked zoospores with two flagella of unequal length at the 

^QeiUer, 1930A; Paseher, 1932. *Pasoher, 1032A 'Qeitler, 1980A. 
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antetior end.^ The zoospores are generally liberated during the eady 
morning hours. After swarming for a few hours, they come to rest, with- 
draw their flagella, and secrete a thin wall with a rather broad gelatinous 
envelope. The one-celled germling increases in size and then divides into 
four daughter cells, each with a somewhat indistinct gelatinous sheath. 
Cell division and redivision may continue 
indefinitely. Sometimes the cells de- 
velop into akinetes with thick walls, 
more numerous chromatophores, and an 
abundant content of reserve food.^ 



ORDER 4. HETEROTRICHALES 





m 




, ‘ ... ' 



The Heterotrichales include all of the 
Xanthophyceae with the cells united end 
to end in simple or branching filaments. 

Asexual reproduction may be by means of 
zoospores, aplanosporcs, or akinetes. One 
genus is known to reproduce sexually by a 
union of zoogametes. 

There are about 7 genera and 17 
species, all fresh-water. 

Tribonema, with some eight species, is 
a widely distributed fresh-water alga that 
frequently grows in abundance in tem- 
porary pools during the early spring. Its 
cells are cylindrical or barrel-shaped, two 
to five times longer than broad, and 
joined end to end in unbranched filaments 

of indefinite length (Fig. 96A). The 

manner in which the H-pieces of the wall of a thaUus 
are articulated, and their structure, have , , - „ . . 

already been discussed (page 169). The protoplast of a cell 
and according to the species, contains few or many discoid chromat^ 
phores. Pyrenoids are lacking and photosynthetic ^erves are stored 
as oils or granules of leucosin, never as starch. Old protoplasts often 
have numerous smaU refractive granules within the cytoplasm; the 
maioiitv of which arc probably waste products. ’ « 

As^ial reproduction may be purely vegetative and result from im 
accidental breaking of filaments or from a disarticulation of certam 
H-pieces at the time of #ore liberation. 


B 

Fig. 9b.—Chloro8accu9 fluidua 
Luther. A, colonies epiphytic ui»n 
Ranunculue aqy^ilia L. portion 
U. X -B. X 600.) 


‘lAithfiT, 1899; Smith, G. M., 1933. 


*i,utber, 1899. 
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Reprodu(5tion by itieans of aplanosporos appears to be of much more 
frequent occurrence than repro<luction by means of zoospores. Aplauo- 
spores^ may be formed singly within a cell or more than one may be 
formed (Fig. 96C-D). The aplanosporos are liberated by a pulling apart 
of H-pieces of the old parent-cell wall. Aplanosporos generally have a 
wall consisting of two overlapping halves. Germination of an aplano- 
spore is direct and begins with a se])aration of the two halves of the wall 
due to an elongation of the protoplast; then tlie elongating protoplast 
becomes cylindrical in shape and secretes a wall distinct from the old 
aplanospore wall.^ Trihonema may also form akinetes. They are usu- 
ally formed in several successive cells of a filament. 



Fig. 96 . — Trihonema bombycinum (Ag.; Dorl'O'j ami Sol. A, portion of a \oKctafi\o filamont. 
B, zoospore. C D, aplanospores. E, germling. {A, D K, X GOO; B, X 975, (\ X OoO.) 


Zoospores (Fig. 96B) are generally formed singly within a c(‘ll. They 
are naked, are pyriform, contain two to several f^liromatophores, and Lave 
two flagella of unequal length at the anterior end.-^ A zoospoix' swarms 
for a short time and then comes to rest (po.ssibly with the flagellated end 
downward) and secrc»tes a wall wdiich is attacluMl to the substratum by a 
brownish discoid hoMfast. One-celled germlings look very much like 
certain sessile unicellular Hcterococcales, but this resemblance cc^ases 
after they have divided transversely and liegun to grow into filaments 
(Fig. 96^?). Sooner. or later a developing filament, or the distal portion 
of it, breaks away and continues growth as a free-floating alga. 

Sexual reproduction is isogamous and by the fusion of zoogametes.* 
One of a pair of gametes comes to rest and withdraws its flagella just 
before the other swims up to and unites with i^ 

iLagerheim, 1889; Poulton, 1925; Wille, * Ugerheim, 1889. 

•Luther, 1899; Pasch^r, 1925; Poulton, 1926; West, 1904. • Sfherffel, 1901. 



CttRYROPHYTA 


179 


ORDER 5. IIETEROCOCCALES 

i^ioludo the nonfilamentous Xanthophyceae in 
which the immobile vegetative cells are surrounded by a wall and are not 
capable of returning directly to a motile condition. Vegetative cells are 
uninucleate or multinuoleate. They have typical chromatophores and 
food reserves, and many of them have walls with tw^o overlapping halves, 
borne gencTa are unicellular; others are multicellular and have the cells 
embedded W'ithin a common gelatinous matrix. 

Reproduction may l)o by means of zoovspores or aplanospores (auto- 
spores). 

There are about 35 gcuicra and 85 species, almost all of which arc found 
in fresh watcu'^. 

The Het(‘rococcal('s correspond to Jao Chlorococcales of the Chloro- 
X)hyceae, and se\(Tal gcuiera with a distinctive cell shape have their 
corn'sponding genera anumg the Chlorococcales. In fact, many of the 
S])('cies W7*ie as-inijcvl to \'arious genera of Chlorococcales w^hen first 
described. I'luue* are rc'asons for b(*lieving that, similar to Chlorococ- 
cales, cells ol lie! (‘io( (K cah's do not di\ ide vegc'tatively. This is certainly 
true of uni<‘( llular gcuuM’a. It is more difficult to demonstrate among 
colonial geii(‘ra, b('cauM‘ it is som(‘1im(‘s ini])ossible to distinguish V)etween 
a purely vegetative division and a division of the protoplast into two 
aplanospores or aiito'-pores. 

Boiry(fi(>])tsiSj with alxait four species, is a widely distributed terrestrial 
alga, bill one Irecpu'nfly ovm’looked because it rarely occurs in sufficient 
quant ity to form a cons])icuous coating on the soil. The cells are alwrays 
solitary. Tluy are usually spheiieal, but th('y may be asymmetrical or 
l)is(*uit-shape<l. 'I'lie wall of a nAl is rclativ'^cly thin and composed of two 
overlapping halves^ that an* sometimes slightly silicified.^ A very young 
ecll contains one or two discoi<l chromatophonvs; as the cell grows in size 
the chroma toi)hores increase in number, and an adult cell may contain 
more tlian a hundred of them (Fig. 97A“/tf)- Pyrenoids have been 
observed in stained ctdK of one speiues.^ The food reserves arc stored as 
minute droplets of oil.^ 

Zoospore formation may take place at any stage in the growth of a 
cell. When produced by young c(*lls, only four or eight zoospores are 
formed; when produced by adult cells, they are formed in large numbers. 
The zoospores arc broadly ovoid to ])yriform, naked, and with two flagfilla 
of unequal length at the anterior endA They contain one or two chro- 
matophorcs, and possibly have an eyespot (Fig. 97F). 

1 Pa!sclw*r, lOK"). = Pasr^oi, 1925 ■* Korshikoil, 1930. 

* Borzi, 1895; Pnschor, 1937; Poullon, 1925. 

s (Jhodat, 1913; Taithof, 1899; Poulton, 1925; Smith, G. M., 1933; Vlk, 1931. 
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Frequently, and possibly because of environmental conditions, the 
cells form aplanospores instead of zoospores. The aplanospoies, Himil«.r 
to zoospores, generally grow directly into vegetative cells. Sometimes, 
however, an aplanospore develops a very thick wall and has a greater 
content of food reserves than is ordinarily the case.* Such hypnospores 



appear to enter into a period of rest before their contents divide to form 
either zoospores or aplanospores. 


ORDER 6. HETEROSIPIIONALES 

The Heterosiphonales include the multinucleate siphonaceous 
Xanthophyceae. 

There is but one genus, Botrydium. It has four species, all of them 
terrestrial and growing either on dr 3 ring muddy banks of streams and 
pools or on bare damp soil. If conditions are favorable, the alga may 
form an extensive green coating on the soil. 

The unicellular multinucleate plant body consists of a vesicular aerial 
portion, which contains the chromatophores, and a colorless rhizoidal 
portion which penetrates the soil (Fig. 98 A-B). The aerial portion may 
be 1 to 2 mm. in diameter. In three sp!ecies it is more or less globose; 
in the fourth it is a forked cylinder. Species whose aerial portions are 
usually globose are considerably influenced by environmental conditions, 
and the aerial portion may be an elongated cylinder if the plant grows in 
shaded habitats.’ The vesicular portion has a relatively tough wall and 
internal to this a thin layer of c 3 rtoplasm containing many nuidei and 
chionuitophores. The chromatophores are discoid and often connected 
to one another by strands of denser cytoplasm. Pyr6noid-like bodies are 
often present in chromatophores of young plants, but there is never any 
starch in the protoplast and photosynthetic re|^rves accumulate as oib 
or as leucosin. The rhizoidal portion, which may be profusely or spar- 

* Bonn, 1896; Poulton, 1925. * Eolkwits, 1926. 
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ingly branched, is without chromatophores but contains many nuclei 
scattered through the vacuolate or nonvacuolate cytoplasm. 

Cells of Botrydivm do not divide vegetatively, and the only method 
by which new plants may be formed is through a production of zoospores, 
aplanospores, or zygotes. Zoospore formation Usually takes place during 
rainy weather. The contents of the vesicular portion become divided 
into innumerable uninucleate protoplasts, each of which becomes meta- 
morphosed into a pyriform zoospore with two flagella of unequal length 



Fig, 08. — A, Botrydium granvlatiim (L ) Grev. 

aplanos])orcs of B granulalum 


n, B Walhothit Kut* C-E, germinating 
(A-n, X 25, C-F, X 310 ) 


at the anterior eiKl.‘ The method by which zoospores escape from the 
parent-cell wall is not definitely known, but it seems to be accompUshed 
by a gelatinizatiou oi the apical portion of the^ wall. 

When Botrydium is growing on rather dry soil, there is usually a form^ 
tion of aplanospores instead of zoospores (Fig. 98C). In many ca^ the ^ 
aplanospores are formed in the same fashion as are zoos^res, and they 
represent zoospores that have formed a cell wall brfore leavmg the old 
parent-cell wall. In other cases, as in B. WaUrothn Kutz., there is a 
cleavage of the ceU conten%into multinucleate protoplasts which become 
rounded and secrete a wall. These coenocytic aplanospores (coenoeysts) 

‘Kolkwitz, 1926; Miller, 1927; Paacher, 1937' Poulton, 1930. 
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are not the morphological equivalent of zoospores. Both type| of 
aplanospore develop directly into new plants (Fig. 98D-E), 

Aplanospores may become thick-walled resting spores (hypnospores). 
In some cases the hypnospores are formed in the aerial portion of the cell 
and are either uninucleate or multinucleate. In other cases practically 
all of the protoplasm of the aerial portion migrates into the rhizoids and 
there becomes divided into a number of multinucleate, serially arranged 
portions, each of which becomes a hypnospore.^ In one species a single 
hypnospore is formed at the end of each brane-^^ in the rhizoidal system.^ 
Uninucleate hypnospores develoi) directly into new plants. Multi- 
nucleate ones have their protoplasts dhiding to form a number of zoo- 
spores or aplanospores.** 

The protoplast of the vesicular portion may also divide to form 
biflagellate zoogametes. Botrydium is homothallic and gametic union 
may take place before liberation from the parent-cell wall.'* The gametes 
are pyriform to broa<lly ellipsoidal, and their posterior ends become 
apposed at the time they fuse in pairs. The zygote is splu'rical and has a 
fairly thick wall (Fig. 92). It germinates directly into a new plant. 

CLASS 2. CHRYSOPHYCEAE 

The Chrysopliyceae have cells with a small number of yellowish- or 
golden-brown chromatophorcs that usually lack pyrenoids. Food 
reserves include both fats and leucosin, but there is nc'ver a storage of 
starch. The cells may be flagellated or immobile, and naked or sur- 
rounded by a wall. They may be solitary or united in colonit*s of definite 
form. Motile vegetative cells and zoospores have their flagella inserted 
at the anterior end. They may be* uniflagellate or biflagellate; in the 
latter case the flagella may be of equal or nnecpuil length. Many mem- 
bers of the class produce endoplasmic statosphores enclosed by a two- 
parted silicified wall v^ith a terminal pore. Sexual reproduction is not 
definitely established for any memlx'r of th(» class. 

There are some 65 genera and 210 spc'cies. 

For a long time the only known members of the class weije motile 
organisms whose relationships were thought to be more within the 
protozoa than with the algae. Within the past two decades, especially 
through the investigations of Pascher,^ there has been a discovery of a 
considerable number of immobile coccoid and filamentous Chrysopliyceae 
'with a truly algal organization. 

Distribution. A very large proportion of the species arc fresh-water, 
and most of them are found only in soft waters ami at seasons of the year 
when the water is cool. Many ot the motile f |'*sh-water species are found 

^ Miller, 1927; RostafiiSski and Woronin, 1877. * Iyengar, 1925. 

• Miller, 1927. « Rosenberg, 1930. • Pascher, 1925^4, 1931 A, 1931 B, 1931C. 
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in the plankton of lakes, where they are often present in abundance. The 
coccoid and filamentous genera are found mostly in eold springs and 
brooks, especially in mountainous regions, where they occur as gelatinous 
or crustaceous growths on stones and woodwork. Many of the Chiyso- 
phyceae are very sensitive to changes in the environment and completely 
disintegrate within a few hours after they are brought into the laboratory. 

Cell Structure. Most of the flagellated Chrysophyceae, the chryao^ 
monodsj have naked protoplasts. Others have their protoplasts com- 
pletely surrounded by a sheath of peetic material that may contain 
siliceous scales. Still other chrysomonads have their protoplasts sur- 
rounded by an open rigid envelope (lonca) separated from the protoplast 
by an intervening space. Coccoid and filamentous Chrysophyceae have 
firm, closely fitting walls. Walls of vegetative cells rarely have an evident 
differentiation into two overlapping halves. 

A majority of genera have protoplasts that contain but one or two 
golden-brown chromatophores. The golden-brown color has been 
ascribed to an accessory pigment (chrysochrome^ or phycochrysin^) which 
overlies the chlorophyll and associated carotinoids The presence of a 
special pigm('nt in Chi^ysophyceae, as in Bacillariophyceae, is somewhat 
questionable. Pyrenoid-like bodies are present in chromatophores of 
certain genera, but their function is not known. Nutrition of Chryso- 
phyceae may be wholly autotrophic or, if the protoplasts are naked, 
partly autotrophic and partly heterotrophie. Food reserves may accumu- 
late either as fats, leucosin, or volutin; but never as starch. I^ucosin, 
whose chemical composition is unknown, is laid down in the form of white 
refractive granules which generally accumulate in the cytoplasm.* The 
volutin described as being present in Chrysophyceae.^ may be identical 
with leucosin. Glycogen has been found* in the statospores (cysts) of 
one genus. 

Many of the motile forms have contractile vacuoles at the base of the 
flagella, and these vacuoles persist even after the flagellated phase has 
passed over into a temporary amoeboid phase. Although the chryso- 
monads are the only members of the class whose cells have been studied 
cytologically, it is rather probable that all Chrysophyceae are uninucleate. 
In the genera investigated,® the nuclei have a distinct nucleolus and, as a 
rule, conspicuous chromatin granules. Nuclear division is mitotic and 
by means of a spindle that is intranuclear in origin. The nuclei are so 
small that the details cannot be made out with certainty, but th^re 
appears to be an equational halving of the chromosomes that lie on the 
equator of a spindle. Centrosomes have been observed in association 
with the spindles, but thPrelationships between centrosome and neuro- 

I Kloha 1892 * Gaidukov, 1900. ■ Klebs, 1892; Molisch, 1923. 

* Doflein, 1923. • Conrad, 1927. • Conrad, 1927; Doflein, 1916, 19ia 
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motor apparatus are obscure. One genus has been shown* to have a 
complicated neuromotor apparatus with a rhizoplast connecting a large 
extranuclear granule with the flagellum. Flagella have been studied in 
detail only in genera with two flagella of unequal length. The longer of 
the two bears short, diagonally inserted cilia on all sides; the shorter is of 
the whip type.® 

Asexual Reproduction. Cell jlivision in unicellular flagellate genera 
is always longitudinal and into two daughter cells that immediately 
separate from each other. Multiplication of colonial motile genera may 
be by a colony fragmenting into two or more parts, or by a single cell 
breaking away from the colony and developing into a new colony. 
Coccoid and filamentous nonmotile colonies may rejjroduce by vegetative 
fragmentation. 



lomoncLB eoronata Bolooh. C, Ochromonaa atellan^ Dofl. D, CdlomtUa pnhnna Pasrher 
(A, after Conrad^ 1926, J9, afUr Conrad, 1927, C, afUr Doflnn, 1922, D, a/ttr Paarher^ 1929 ) 

All of the Chrybophyceae except the* chrysomonatls may produce 
zoospores. These are usually formed singly within a c('ll but in certain 
genera® the protoplast divides to form several zoospores. Zoospores of 
Chrysophyceae are naked and have one or two chromatophores. Some 
are uniflagellate;^ others are biflagellate and have flagella of either equal^ 
or unequal’^ length. None of the Chrysophyceae produces aplanospores. 

The unique type of spore — the statospore or cyst — produced by 
Chrysophyta is known for many genera of Chrysophyceae. Statospores 
of Chrysophyceae are usually spherical, although sometimes ellipsoidal. 
The spore waif is silicified, composed of two overlapping halves, and has a 
small circular pore closed by a conspicuous plug that may or may not bo 
silicified. Statospores of many species have a smooth wall and a simple 
plug^ or have the margin of the pore elevated into a flange-like collar 
(Fig. 99). Those of other species have walls ornamented with punctae, 
spines, or flange-like plates. As is the case with zygotes of Desmidiaceae, 
no one type of sculpturing is characteristic for a particular genus, and 

* Conrad, 1927. * Petersen, 1929. * Pasrhorf^OSlH. 

« Conrad, 1922; Pascher, 1925^1, 1929, 1931 A, 1931B. ‘Lagerheiin, 1884. 

• Pascher. 1925A. » Conrad, 1922, 1927; West, 1904. , 
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there may be marked diffcxences in ornamentation from species to species 
in a genus. 

Most investigations of statospore formation have been upon chryso- 
monads,^ but certain nonniotile genera are also knovn^ to have an 
endoplawsmic formation of them. A motile cell about to form a statospore 
comes to rest, retracts its flagella, and assumes a spherical shape. There 
is then an internal differentiation of a spheiical protoplast that is sepa- 
rated only by plasma membranes from the peiipheral portion of the 
original protoplast (Fig. lOi) A-E) Following this, there is a secretion 



s( ilobpoie of Chrof mdtn a fret bury f tibia Doll {Afltr DojUin, ) 


of a wall l)(‘twecn the two newlj' forine<l plasma membranes, except for a 
small circular area that becomes the pon*. In certain g('nera the cyto- 
plasm external to the statospoic wall migrates inward thiough the pore 
and fuses with the cytoplasm within the wall, after which there is a 
formation of a plug that closes the poie."* In other genera there is a 
gradual disiiitf'gration of cytoplasm external to the wall as the statospore 
matures. Statospoies of most geneia aie uninucleate, but those of one 
genus have been shown* to be binucleate. 

When a statospore germinates, there is a dissc^Uition of the plug or a 
separation of it from the spore wall (Fig. lOOF-7/). Most genera have 
an amoeboid migration of the protoplast from the enc losing wall afid a 
formation of flagella during or after the migration, but in certain genera® 

iCicnkowski, 1870; CoiirM, 1927, 1928; Doflein, 1923; Scherffcl, 1911, 

* Geitler, 1927 » Doflein, 1923 * Geitler, 1935A. 

• Conrad, 1926; Hofonodcr, 1913. 
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the protoplast within a wall divides to form two or four zoospores before 
the contents are liberated. 

Evolution within the Chrysophyceae. The Chrysophyceae are a series 
with a large number of flagellated genera and relatively few genera with a 
truly algal type of organization. However, a sufficient number of immo- 
bile forms are known to show that evolution within the Chrysophyceae 
has paralleled that found in Chlorophyccae and Xanthophyceae.^ The 
palmelloid type (the Chrysocapsales) is represented by about 10 genera 
and the filamentous tsrpe (the Chrysotrichales) by about 5. The chloro- 
coccine type (Cbrysosphaerales) include some four genera. Thus far, no 
siphonaceous forms have been found, and it is rather doubtful whether 
such forms exist because multiiiucleate chlorococcine forms, the potential 
ancestors of a truly siphonaceous plant, are also unknown. 

The Chrysophyceae are richer than other algae in genera that have 
started evolving toward an animal-like rather than a plant-like organiza- 
tion. There are several genera in which the amoeboid cell is the domi- 
nant phase in the life history, and where autotrophic nutrition is 
supplemented by a mass ingestion of solid foods.^ Some of the amoeboid 
genera* have evolved a true plasmodial organization. 

Classification. The Xanthophyceae and Chlorophyccae each have, 
with a few exceptions, one basic tjrpc of flagellation in their motile cells 
and zooids. Chrysophyceae, on the other hand, have three different 
types of motile cell; the ckromulinad type with one flagellum, the ochro- 
numad type with two unequal flagella, and the isochrysid type with two 
equal flagella. Motile unicellular representatives of each of the three 

types seem to have been developed early in evolution of Chrysophyceae, 
and each of the three flagellar types has evolved, or started to evolve, into 
immobile multicellular algae. 

A truly logical system of classification would necessitate the establish- 
ment of three subclasses, one for each type of motile cell, with the immo- 
bile genera assigned to the various subclasses according to the flagellation 
of their zooids. However, too few representatives of the coccoid and fiila- 
mentous types are known to warrant such a system, and it is better, for the 
present, to follow Pascher’s system* that divides the class into five orders. 

ORDER 1. CHRYSOMONADALES 

The Chrysomonadales (chrysomonads) include the genera in which 
the cells are motile during vegetative phases of the life cycle or in which 
amoeboid or rhizopodial stages are only temporary. Motile cells may be 
solitary or united in colonies of definite shape. The cells may be naked, 
or with an envelope that completely or iccompletely surrounds the 

> Fascher, 1014, 1925. * Fascher, lOlSA, 1917. 

•Pascher, 1016, 1016A. * PaBcher, 1914, 1925, 1031. 
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protoplast. The protoplasts have typical golden-brown chromatophores. 
Many of the genera are known to produce statospores. 

There are about 32 genera and 160 species, almost all of them fresh- 
water. 

The order is divided into three suborders, each with a characteristic 
type of flagellation. 


SuBOBDER 1. CbOMULIXEAE • 

Members of the Chromulineae have cells with a single long flagellum. 
Some genera are unicellular, others have the cells united in colonies of 
definite form. The cells usually contain one or two chromatophores. 
Some genera have naked protoplasts. Others have the protoplast 



Fig 101 — Mallomonas caudata var macrolepsU Conrad ( X 600 ) 

surrounded by a closely fitting envelope with or without siliceous plates 
or surrounded by a lorica that stands free from it and is open at the upper 
end. Several genera are known to form statospores. 

The suborder contains about 15 genera and 110 species. All but a 
few species are fresh-water. 

MaUomonas, with some 55 species, is foimd in both fresh and brackish 
waters. Many of the fresh-water species are plankton organisms known 
only from dear-water lakes. The cells are solitary, free-swimming, and 
spherical, ellipsoidal, pyriform, or fusiform (Fig. 101). The protoplasts 
are enclosed by a thin pectic sheath containing many small overlapping 
siliceous scales. According to the species the scales are circular, elliptical, 
oval or polygonal; and transversely, diagonally, or irregularly arranged. 
In some species all scales and in other species only the terminal scales 
have a single long silice%s bristle excentrically inserted on the outer 
surface of the scale.^ A majority of species have protoplasts containing 

* Conrad, 1927; IwanoS, 1900. 
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two chromatophores, but a few have only one chromatophore. Two 
species lack chromatophores.^ The chief photosynthctic reserve is 
leucosin, and it generally accumulates in the posterior portion of a cell. 
The vacuolar system consists of a large noncon tractile vacuole, which lies 
in the anterior part of a cell, and three to seven contractile vacuoles, which 
may be apical, medial, or basal in position. The single nucleus is quite 
large and with a conspicuous nucleolus. There is a large cxtranuclear 
granule (centrosome?) that connects with the base of the flagellum by 
means of a long rliizoplast.^ 

Reproduction is by longitudinal division and takes place while a cell 
is actively motile. The protoplast may also escape from the envelope 
and swim about as a naked zoospore. A zoospore swarms for a time; 
then it becomes immobile, spherical in shape, and surrounded by a 
gelatinous envelope. Similar palmelloid stag(‘s have been recorded^ as 
devcloj)ing from naked amoeboid protoplasts that have escaped from the 
sheath of surrounding silic('oiis scales. 

Endoplasmic statospores have been described for s('V(Tal species.^ 
They are usually spherical and without sinnes. 

SlJBOliDER 2. IsoeHHYSTDINKAE 

Genera referred to the Isochrysidin(‘a(‘ liave biflagellafe c(»lls, with 
the two flagella of ecpial h'ligth. The cells may l)e solitary or united in 
colonies of definite form. 

The suborder contains about 7 gein^ra and 16 species. 

Synura, with some fi\c «^pccies, is found in both fresh and brackish 
waters. It is widely distributed in fiesh-wat('r })ools and lakes and 
sometimes is present in abundance. The cells are radiately united in 
spherical to oblong-ovoid colonies that are not surrounded by a gelatinous 
sheath (Fig. 102). The individual c(‘lls are obpyriform in shape. A (‘ell 
is surrounded by a thin sheath of pectie material wdiose posterior end is 
prolonged into a hyaline stalk.* The distal end of a sheath is covered 
with spirally arranged siliceous scales bearing v(Ty short blunt spines.® 
The protoplast contains two laminate, curved chromatophores so placed 
that their concave faces are op])osite. A protoplast contains a single 
centrally located nucleus and two or three contractile vacuoles near its 
base. Lcfucosin is the chief food reserve, and it collects in a single large 
granule toward the base of a cell. There is no ey(\spot. The two 
flagella at the anterior end of a c('ll are of equal length, but there are 
certain morjjhological and physiological differences between them.® 

* Conrad, 1027. * Conrad, 1914, 1927. ■» Conrad, 1927, 1933. 

< Conrad, 1926 » Korshikov, 1929; Petersen, 1918. 

• Conrad, 1926; Petersen, 1918. 
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Cell division is always longitudinal. Ordinarily it mefely increases 
the number of colls in a colony. Reproduction of many-celled colonies 
generally takes place by the cells grouping themselves radially about two 
centers, and the two parts then separating from each other. Failure of 
the daughter colonies to separate is probably the reason for the elongate 
colonies occasionally observed.^ Reproduction may also be due to an 
amoeboid escape of a protoplast from its scale-covered sheath.^ The 
liberated protoiJast may remain amoeboid, or it may become a biflagel- 
lated zoospore. The zoospores swarm for a time and then develop into 



Palmella stages or into new motile colonies, tiyrnira may also form' 
endoplasmic statospores.'* 


SUBOUDKR 3. OCIIUOMONADINEAE 

The Ochromonadineae include all chrysomonads ^vith two flagella of 
unequal length. Tiie cells may be solitary or united in colonies. 

There are about 11 genera and 45 species, most ol which are fresh- 
water. 

Dinobryon, with about 20 si)ecies, is widespread in standing fresh 
waters. It often develops in abundance in tho plankton of lakes. The 
cells are free-floating or sessile, and solitary or united in arborescent 
colonies (Fig. 103). ICach cell is attached to the bottom of a conical, 
campanulate, or cylindrical lorica that has a closed pointed base and an 
open, cylindrical, or soiiiew^hat flaring apex. The lorica appears to be 
homogeneous, but treatment with proper reagents^ shows that it is com- 
posed of successive segments, one nested within the other. A lorica may 
be hyaline or yellowish brown, and its surface may be smooth or spirally 
sculptured. It is said to contain cellulose® and to be somewhat impreg- 
nated with silica. The pAtoplast within a loric/a is either spindle-shaped, 

^ Conrad, 1922. * Pnscher, 1912. ® Conrad, 1926. 

* Pascher, 1921. ® Lemmermann, 1900 
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conical, or ovoid and is attached to the base of the lorica by a short cyto- 
plasmic stalk. Except for the basal stalk, the protoplast is rarely in 
lateral contact with the lorica. 

The peripheral portion of the cytoplasm is quite firm and usually 
smooth, although sometimes finely granulate. The two flagella are 
borne at the anterior end of a protoplast; the longer extends for some 
distance beyond the open mouth of a lorica; the shorter rarely extends 
much beyond it. The protoplast contains one or more contractile 
vacuoles (apical, median, or basal in position) and cither one or two 



Fio 103 — A, Dxnohryon stipitatvm Stem J5, D. aertularia Ehr. C, D divergena 
Imhof. D, D Tabdlarxae (Lemm ) Pascher E, D cdlyciforme Bachm. {A’-C, X 400, 
D-E, X 1,000) 


parietal laminate chromatophores (Fig. 103D-E). There is usually a 
conspicuous eyespot near the anterior end of a protoplast. The photo- 
synthetic reserves accumulate chiefly as leucosin and in a single large 
granule toward the posterior end of a cell. The photosynthetic manu- 
facture of foods may be supplemented by a mass ingestion of solid foods. 

Reproduction is by longitudinal division of a protoplast into two 
daughter protoplasts. Unicellular species have one of the daughter 
protoplasts remtuning within the old lorica; thither daughter protoplast 
becomes a free-swimming zoospore that eventually comes to rest and 
secretes a new lorica. Cells of colonial species may have one or both 
daughter protoplasts moving to the mouth of the old lorica and there 
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secreting new loricas.^ Daughter protoplasts of colonial species may abo 
become freenswimming zoospores or free-living amoeboid stages that 
eventually produce loricas.^ 

Several species of Dindbryon are also known to produce statospores. 
They are endoplasmic in origin but differ from statospores of other 
genera in that they are binucleate.* In many cases the statospores are 
perched upon the mouth of the old lorica instead of being contained 
within it. 

The only reported case of gametic union among Chrysophyceae is in 
D, sertularia Ehr.^ During the night the protoplast divides to form two 
daughter protoplasts, each of which becomes a biflagellate zoogamete. 
The zoogametes are liberated in the forenoon, and shortly afterward they 
fuse in pairs to form a zygote that soon loses its flagella and sinks to the 
bottom. Further development of the zygote is imknown. 

ORDER 2. RHIZOCHRYSIDAIJES 

The Rhizochrysidales include those Chrysophyceae in which the proto- 
plast is amoeboid and in which flagellated stages, if formed, are only 
temporary. Unicellular genera may be naked or partially surrounded by 
a lorica. Colonial genera may be naked, or in dendroid colonies with 
each cell surrounded by a lorica. Reproduction may be solely by cell 
division or both by cell division and a formation of zoospores. Certain 
genera are known to form statospores. 

There are about 12 genera and 20 species, all of them fresh-water in 
habit. 

The Rhizochrysidales are Chrysophyceae in which the rhizopodial 
phase is dominant and not temporary. The chrysophycean nature of 
these org anisms is evidenced by their golden-brown chromatophores, the 
types of food reserves, and in a few cases by their statospores. Some 
genera are colonial. In most of them colony formation is due to the cells| 
remaining connected by cytoplasmic strands after cell division,* but it 
may be due* to the formation of a fusion plasmodium. 

Chrysamoeba, with the single species C. radians Klebs (Fig. 104), is a 
fresh-water unicellular genus without a lorica. In very rare cases a few 
cells may be temporarily united in colonies. For the greater part of the 
life cycle, the cell is in an amoeboid state with acutely pointed short 
pseudopodia radiating in all directions. The protoplast may contain 
either one’' or two* golden-brown chromatophores that have or lack 
pyrenoids. Each cell contains a single large nucleus and, at time6, a 
large granule of leucosin. Nutrition is in part photosynthetic and in p{urt 

i Wlnha, 1892; Lemmerma^, 1900. * Pascher, 1912. * Geitler, 1985il. 

« Schiller, 1926. ‘ Pascher, 1916. • Pascher, 1016A. 

> Poflein, 1922; Penard, 1921. • Klebs, 1892. 
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by a mass ingestion of foods. The change from an amoeboid to a flagel- 
lated stage is accomplished by a retraction of the pseudopodia, a change 
to an ovoid shape, and the protrusion of a single long flagellum whose 
length is somewhat greater than that of a cell. During the motile phase, 
there is a contractile vacuole in the apterior end of a cell. The motile 
phase seems to last for a sliort time only,^ after 
which the organism becomes more nearly spherical 
and develoi)s dcnticulations that grow into 
pseudopodia. The flagelluru may persist for some 
time after the cell has become amoeboid. 

Thus far, cell division has been observed only 
when the organism is in an amoeboid condition. 
There is a mitotic division of the nucleus into two 
daughter nuclei and a constriction of the chroina- 
Fiti. 104. -chrysam- tophorc iiito two parts.^ Division of these organ- 
^leba. followed by a pulling apart of the cell into 

halves^ each with a chromatophore and a nucleus. 

Statospores of Chrysamoeba are endoplasmic in origin.^ Th(‘ir walls 
are smooth and liavo a conspicuous collar and plug. 



ORDER 3. CHRYSOCAPSALES 

The Chrysocapsales have immobile vegetative cells united in palmelloid 
colonies by a common gelatinous matrix. Cell division may take place 
anywhere in a colony or may be restrictcHl to one end of it. (k'lls of most, 
if not all, genera may be metamorphosefl directly into a flagellated condi- 
tion. CoHain genera are known to form statoibpores. 

The order includes about 10 genera and 14 s])eeies, all fresh-water. 

Hydrurus, with tlie single sja'cies II , fovtidua (Vill.) Kirehn., grows 
attached to rocks ana stones in s\\ iftly flow iiig cold-water streams. When 
conditions are favorable, the alga often covers the entire bottom of th(' 
stream. The plant body is greenish brown, of a tough gelatinous 
consistency, and 5 to 40 cm. in length (Fig. 105A). The basal portion is 
unbranched; the distal portion is divided into many })ranchlets arranged 
in dense tufts. Young plants and api<*es of l>ranchlets of older plants 
have the cells uniscriatcly arranged withiu the gelatinous envelope.® 
Other portions of ohh^r plants are more than one cell in diameter (Fig. 
105fi). Here the majority of cells are ovoid, but they may be angular 
because of mutual compression. Each cell (contains a single golden-brown 
chromatophore with a conspicuous pyrenoid.^ The chromatophore 
usually lies on the side of the cell tow’^ard the thallus apex. The colorless 
portion of the jirotoplast contains granules of#bserve food and five or six 

1 Penard, 1921. * Dofloijj, 1922. 

3 Klebs, 1892; Rostafiriski, 1882. « Klcbs, 1892; Lagerheini, 1888. 
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vacuoles.^ The single nucleus lies next to the chromatophore. Division 
of the terminal cell of a branchlet is transverse, that of other cells may be 
vertical or transverse. Cell division may continue indefinitely, and an 
adult plant is composed of hundreds of ^ 

thousands of cells. f^!\ 

It is very doubtful whether acci- p J 

dentally severed portions of a colony ^ 

continiKj growth as independent plants , 

for any length of time. Reproduction ^^1 

by means of zoospores is of frequent 

occurrence and usually takes place 

during the early morning hours. Zoo- .• 

spores are fornunl by a direct metamor- ^ 

phosis of recently divided cells near the r/ 

tips of l)ranchlcts. They arc tetrahe- \ 

dral in shape. One face bears a single C^f 

long flagellum, and in the corner Yv ^ \ 

opposite tins face there is a single large U ^ 

chromatophore (Fig.\ 1056"). There \\ 

are several contiactih' vacuoles in the 

cytoplasm next to the anterior face, \ 

but an eyespot is lackhig.*^ When it ( {CC^)) \\^y) 

stops swarming, a zoospore comes to ^ \ \ / / / 

rest with its anterior face downward, \ ) / / / / 

retracts Its flagellum, {issuines a sphori- ^\ \ / i/ / 

cal shape, and secretes a cylindrical P.- — \ / | 

gelatinous envelope. The first divi- C/ j \ 

sions of this germling are transverse \ , \ j J 

(Fig. 105D). F ' ^ G 

Silicified statospores, with a fairly - flydryrutt foeOdus (Vili.) 

. . , , . . ] Kirrhn. A, portion of a tliallus. B, 

conspicuous plug and a wing-like lidge apex of a thallus zoospore. D, 

partially PllcirclinK the wall, arc germhng. R. statospores twforo hliera- 
, 1 1 •,! . II 1 • * 1 from thallus. F G\ front and side 

develoj)0(l W'lthin cells homo lll SJ)ecial mow of astatospore. {B~Ot after Kl^St 

gelatiuous stalks i)rotru<ling from the ) 

branchlcts (Fig. 105E G). The stimulus causing a formation of 
statospores seems to be a rise iu temperature of the water.' 


F ' E ■ a 

jp|y Fni. 105. - UydfuruE foetidus (Vill.) 
, Kirrhii. A, portion of a tlmllus. B, 

apex of a thallus zoospore. D, 

are germling. E, statospores lief ore liliera- 
. tion from thallus. F 0 \ front and side 
[•lal Qf statospore. {B-O, after Kleba, 


ORDER 4. CHRYSOTRICIIALES 

The Chrysotrichales arc to bo distinguished from other Chrysophyceae 
by their branching filam^tous thalli. The branches may be free from 
one another or comi)acted into a pseudoparenchymatous mass. Cell 

' Klebs, 1892; Lagerheiui, 1888. 


t Klebs, 1892. 
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structure, organization of the zoospores, and especially the t 3 rpical chryso* 
phycean statospores show that these algae belong to the Chrysophyceae. 
There are five genera and seven species. One genus is found in brack- 



ish water, the others in fresh water. 

Phaeothamnion, with three species, 
is a rare fresh-water alga that grows 
epiphytically upon other algae. Its 
thallus is composed of cylindrical to 
subovoid cells joined end to end in 
branched filaments with a conspicuous 
central axis and subercct lateral branch- 
lets (Fig. 106). The basal coll of a 
thallus is hemispherical and attached to 
the substratum. The basal cell is usu- 
ally without chromatophores; all other 
cells contain one, two, or several golden- 
brown chromatophore.s and store reserve 


Pio. 106 . — Phaeothamnion eonftrvieoia foods mainly in the form of Icucosin 


Lagerh. ( X 485.) 


granules. ‘ Palmelloid stages are of fre- 


quent occurrence. Palmelloid .stages (Fig 107) are usually branched 


gelatinous tubes in which the cells are spherical and uniseriate in arrange- 


ment,* but the cells may bo irregular in shape and irregularly distributed.* 



Fio. 107 . — Palmrlla stage of a Phaiolhamnion aperies [/*. Bortianwm Paseher (?)] ( X 650.) 


Reproduction is by the formation of one, two, four, or eight zoospores 
within a cell. They are liberated through a pore in the side of the parent- 
cell wall. The earlier descriptions* of strufture of the zoospores are 

tLagcrheim, 1884; Paseher, 1025. • Borzi, 1802; Paschei, 1025. 

* PSacher, 1025. * Borzi, 1802; Lagerheim, 1884. 
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contradictory. A recent study of them^ seems to show that they are 
bifiagellate and have the two flagella quite different in length. Zoospores 
may also be formed while the alga is in a palmelloid condition. 

Typical silicified statospores are also formed by Phaeothamnion^ 
Their development has not been studied in Phaeothammon but those of 
another genus of the order have been shown® to be endoplasmic. 

ORDER 5. CHRYSOSPHAERALES 

The Chrysosphaerales are unicellular or nonfllamentous colonial 
Chrysophyceae in which the protoplast is not metamorphosed directly 
into a motile state. 

There are about six genera and seven species. 

The (Uirysosphaorales correspond to the Chlorococcales of the Chloro- 
phyceae and to the Hetcrococcales of Xanthophyceae. Cells of certain 


Fl(r 



lOS — Epichryata pedudoaa (Korehik ) Pdscher. {After Paacher^ 1925^1.) 


Chryhosphaeralos appear to be unable to divide vegetatively, but it is 
uncertain that, as in Cblorococcaloh, this is a universal character. None 
of the genera has been thoroughly investigated, and it is not improbable 
that certain genera now referred to the Chrysosphaerales will eventually 
be placed in the Chrysocapsales. 

Epichrysia, with two species, has solitary or gregarious cells that grow 
epiphytically upon other fresh-water algae.* The cells are subspherical 
and somewhat flattened on the side toward the substratum (Fig. lOSA-B). 
The protoplast contains a single large golden-brown chromatophore 
that lies toward the free side of the cell. The cytoplasm contains numei> 
ous sTTifl]] droplets of oil and small granules of leucosin.^ 

Multiplication may be due to a vertical bipartition of the protoplast 
and a secretion of a wall about each of the daughter protoplasts (a<|to- 
spores?) while they still lie within the parent-cell wall.' There may 
also be a formation* of uniflagellate zoospores (Fig. 108C). Zoospores 

* Pascher, 192.5. * Borzi^ 1892; Paacher, 1925. * Geitler, 1927. 

* Goitler, 1928; Moyer, K. I., 1930; Pascher, 1925. 

* Moyer, K, I., 1930; Pascher, 1925. 
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that have ceased to swarm may come to rest upon a firm substratum and 
develop into typical vegetative cells, or they may bo free-floating and 
develop into small palmolloid colonies. Cells of palmelloid colonies 
may produce either zoospores or statospores.^ 

CLASS 3. BACILLAiaOPHYCEAE 

The Bacillariophyceae (Baeillaricae), familiarly known as diatoms, 
have cells with one to many, variously shaped, yellowish to brownish 
chromatophoros. Food reserves include both fats and an insoluble 
reserve {volutin), but there is never a storage o^ starch; Vegetative 
cells of all genera are nonflagellatcd and have a wall composed of over- 
lapping halves. The wall consists of pectic materials more or less 
impregnated with silica. The cell wall has a ch a ra(*t eristic ornamentation 
in w^hich the markings arc arranged in either a radially or a bilaterally 
sjnmmetrical pattern. 

Reproduction is usually by cell division into tw^o daughter cells of 
slightly different size. There may be a formation of large rejuven(‘scent 
cells (auxospores) by direct enlargemei\t of a protoplast or as a result 
of gametic union. The protoplast may also produce a statosporc (ondo- 
spore). Certain genera produce flagellated zooids that arc probably 
gametic in nature. 

There are about 170 genera and «5,300 species of diatoms,^ some 
hving, others known only in a fossil condition. 

Distribution, (’’ertain genera of living diatoms are found only in 
fresh waters, others only in salt water. Such genera as grow in both 
fresh and salt water usually have species that an* strictly marine or 
strictly fresh-water. Most fresh-water diatoms are aquatics, and they 
may be sessile in habit, or free-floating. Many fresh-water diatoms 
develop in greatest abundance during spring or autumn months when the 
water is cool. 

Some marine diatoms grow affixed to rocks or to algae, especially 
in the intertidal zone. Other marine species arc stnctly planktOIliC. 

' Many marine plankton species are extrt*mely sensitive to changes in 
temperature and salinity of the water. Their distribution is so limited 
that it Ls possible to follow the paths of ocean currents by determining 
the species of diatoms in the water. Marine plankton species, together 
with dinoflagellates, are of fundamental biological importance since all 
other life of the high seas is, in the last analysis, dependent upon them 
as a source of food. 

Fossil Diatoms. Since the siliceous portion of a cell wall remains 
unaltered after death and decay of a coll, gre# numbers of empty walls 
accumulate at the bottom of any body of water in which diatoms live. 

‘ Pacher, 1925. * Karsten, 1928. 
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Where conditions are exceptionally favorable and long continued, such 
accumulations may reach a considerable thickness. Deposits of fossil 
diatoms, known as diatomaceous earthy arc found in various parts of the 
world. 

Many different species are found in diatomaceous earth. Most of the 
fossil species are not older than the Cretaceous, and there is no satis- 
factory evidence showing that diatoms existed during the Palaeozoic.^ 
Some genera are known only in the fossil condition, and certain others 
have more fossil than living species. 

Some diatomaceous earths originated in fresh waters; others in the 
ocean. Fresh-water deposits consisting largely of plankton species were 
laid down in the beds of former lakes; those with nonplankioii species 
predominating were not fornu'd in lakes. All deposits of marine species 
arc found Inland and above the ocean as a result of geological changes. 
The Iw'st-known and most extensive deposi^^s of marine species arc those 
at Lompoc, California, where the beds are miles in extent and over 700 
feet in thickness. The thickest deposits of (Hatonia(*eous earth thus far 
discovered are in the Santa Maria oil fields, California. Oil wells drilled 
in this region shbw, a(ter correction for dip, that there is a subterranean 
deposit about 3,000 feet in thickness. The Lom[)oc deposit, like most 
others of marine origin, composed almost exclusively of littoral species. 

Diatomaceous earth is assuming an increasing importance as a com- 
mercial product, and the annual a\erage prodindion in this country for 
the years 1933 to 1935 was 244,342 tons.- The (‘iiormous quantity 
produced annually is more readily visualized when one realizes that a 
single ton has a volume of 50 to 260 cu. ft. Most of the diatomaceous 
earth comes from California, where the deposits are worked as open 
quarri(\s. In quarrying, the overburden of soil is removed, and the 
diatomaceous earth is then quarried by means of hand picks, which split 
it into slabs that break apart in ])arallel (deavage i)lanes. Power saws 
that cut the material into slabs in aitu are also u.si*d.’ Diatomaceous 
earth is also obtained from lakes in Florida by dredging wdth a suction 
pump and carrying the material through sluiceways to settling tanks. 
The material from some deposits can be utilized dire(»tly; that from other 
deposits must be jncinerated to remove the organic substances present. 
Producers of diatomaceous earth market their product as powdered earth, 
calcined granules, manufactured brick, or sawn brick. 

The industrial uses of diatomaceous earth are varied, and research is 
continually revealing new applications for this inateriah , One of the'^first 
uses was as an absorbent for liquid nitroglycerin to make an explosive 
(dynamite) that could transported wil h comparative safety. ' The 
inert medium used in the present-day manufacture of dynamite is wood 

* Pin, 1927. * U. S. Bureau of Mines, 1936. * ('alvcrt, 1930. 
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meal. I^babiy the most extensive industrial Qse of diatomaceous earth 
is in the filtration of liquids, especially those of sugar refineries. When a 
airiii.ll amount of powdered diatomaceous earth is added to a sugar solution 
or other turbid liquid and the mixture forced through a filter press, the 
layer of diatomaceous earth deposited in the cloth screens out the sus- 
pended material pfapsent in the liquid. Another major use is in the 
insulation of boilers, blast furnaces, and other places where a high tem- 
perature is maintained. If the temperature is over lOOO^F., diatofnaceous 
earth is a much more efiicient insulator than magnesia or asbestos, since 
it is much more resistant to shrinkage and does riStlail at red heat. 
When used as an insulator, it is used in the form of bricks or as a loose 
powder between firebricks and an outer shell. The addition of but 1 or 
2 per cent of diatomaceous material to cement greatly increases the work- 
ability of concrete and adds to its mechanical strength. The oldest 
commercial application is that of a very mild abrasive in metjaijSllisfaes 
and tooth pa ste. This use is so well known that many people think 
that it is the major use of diatomaceous earth. The amount used for 
polishes is, however, very small as compared with that used for other pur- 
poses. The amount used in polishes has increased greatly in recent 
years with the use of diatomaceous dust as the base of polishes for clean- 
ing automobiles finished in artificial lacquers. 

The Cell Wall. Diatoraologists have centered their attention on 
the structure of the wall, and their taxonomic treatment of the group is 
based upon wall structure and ornamentation. This intense speciali- 
zation is largely responsible for the special terminology currently used to 
designate the various parts of a wall. Both the wall alone and the wall 
with its contained protoplast are called a fruslvle. The wall consists 
of overlapping halves that fit together as do the halves of a bacteriologist’s 
Petri dish. The outer of the two half walls is an epUheca and the inner 
a hypotheca. The silicified portion of either consists of a more or less 
flattened valve whose flange-like margins are attached to a connecting 
bank or cmgv$uin. The cingulum is usually firmly united to the valve, 
but in “cleaned” diatoms (those in which all organic material has been 
removed by oxidizing agents) and in diatomaceous earth one frequently 
sees connecting band4 that have become separated from valves. A 
cingulum is an open instead of a c losed hoo p, and one with a gap between 
the approximated ends.^ Some diatoms have additional coimecting 
bands (interoalary bands), interpolated between epitheca and h 3 rpotheca, 
and there may be one, two, or more of them. When a frustule lies so 
that the valve side is uppermost, it is said to be in valve view; when the 
cingulum is uppermost, it is in girdle vtew. .fticoriiing to the genus, a 


^ Palmer and Keeley, 1900 . 
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water mount will show practically all individuals in valve view, jwac- 
tically all in girdle view, or indiscriminately in valve and |di^<Ue views. 

Both half walls of a frustule consist of an organic matrix composed in 
large part of pectin ‘ The wall gives no reaction for either cdlulose or 
callose. ^ The watery gelatinous sheath surrounding many plankton 
i(pecies is probably pectic acid * The valve and cingulum portions of a 
half wall are silicified Some* think that silicification is not a simple 
impregnation with sihca but a chemical oombmation of silicon with the 



Fio 109 —Centric diatoms A-li girdle and valve views of Biddulphta SmUh%% 
(Rab ) V H C-D girdle and valve views of ictinoptychua utidulcUus Ralfs E, girdle 
view of lathmia enervin Ehr {From Schiitt, ISOO ) 

organic material of a wall Others^ hold tliat theio is no organic material 
inlEKe siiioified portion of a wall Sihcification may be demonstrated by 
incineration, by decay, or by treatment with chromw acid, potassium 
chlorate, or other oxidizing agents Siliceous material may be removed 
from’^Twall by treating frustules with hydrofluonc acid, which affects 
neither the pectic wall material nor the protoplast. The amount of 
silicification is quite variable It is often so scanty in plankton species 
that the frustules cannot be “cleaned” by the usual methods. Non-y 
pl^ p|tt on species usually have highly silicified walls The extent to which 
the wall is silicified is unpart dependent upon the amount of avmlable 

■ Liebuch, 1928; Mtuigin, 1908 * Schroder, 1902 

* Mangin, 1908 * Li^iseh, 1928, 1929 
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siliceous materials in the water, and it has been shown^ that aluminum 
silicate is the chief compound used in silicification. An abundance of 
available silicates seems to stimulate the formation of new cells, and a 
close correlation has been demonstrated* between flood waters with a 
hi gh proportion of dissolved silicates and a local increase in the number 
of diatoms. Cultural studies have shown that certain diatoms cannot 
form new cells if silicon is not available,* and that other species may 




Fio. 110. — Pennate diatoms. A-B, giirdle and valve views of Tabellnria faiestrata 
(Lyngb.) KOtz. C-D, the two dissimilar valves of a coll of Coceonri* Pediculua Ehr. C, 
spitheca. z>, bypotheca. E, Navicula rhyncocephala Kutz. F, Cymbella laneeclaia 
(Ehr.) Brun. (A. X 400; B, X 1,000; C-E, X 1,300; P, X 050.) 


continue division through many cell generations when grown in a medium 
lacking available silicates.^ 

The siliceous material deposited in a valve is not laid down as a smooth 
sheet. Instead, the sheet is areolate or striate and has the areolae or 
striae in patterns that are characteristic for the genus and species. The 
ornamentation of a valve is according to one of two general patterns. 
In the centric diatoms (Centrales, Fig. 109) it is radially symmetrical 
about a central point; in the pennate diatoms (PennaJes, Fig. 110) it is 
bilaterally symmetrical or asymmetrical with ipspect to an axial strip. 

* Coupin, 1922. * Pearsall, 1923. 

* Bachrach, 1927. * Bachrach and Leffevre, 1929. 
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Some species, especially those of marine Centrales, have very coarse 
markings; certain Pennales have punctae or striae so fine that they are 
only revealed by the best microscopes. 

The coarse markings of many marine centric diatoms are due to 
thinner places (areolae) in the silicc^ous deposit. The areolae are gener- 
ally bounded by ridges that lie on the inner or the outer face of the 
valve (Fig. lllA-jB). Areolae may have minute vertical canals (pores) 
running through them or incomplete canals (poroids), which do not 
entirely perforate the wall.^ Pores vary in size from 0.1 to 0.6/x. 

The ornamentaliou of peiinate diatoms is duo to thin places, not per- 
forations, in the wall. A few Pennales hav^e vaKes with one or more 
true perforations (Fig. ii\C-D) that are either nn^dian or polar.* The 
thin places (punciac) lie in rows bilaterally disposed with respect to a 



neroosa Kutz. C, median muciiaKe pore of Fragilaria otrescf ns Ualfs D, ternnmii mucilage 
pore of Tabular w, ft mstiata Kutz. {A—B^ aftir MidUr^ 1S98, C-D, afUr MaiUr^ 1899.) 

longitudinal strip (the axial field) running the length of a valve. In 
many oases the rows of punotae arc so minute and so close together that 
they appear to be striae (Fig. IIOA). The axial field usually coincides 
with the longitudinal axis of a valve but may be asymmetrical with 
respect to it. An axial field may bt' homogipneous in structure or it may 
be perforated by a longitudinal slot, the raphe. An axial field without a 
longitudinal slot is a pseudoraphe. Axial fields of the two valves of a 
frustulc are asually alike, but there are certain genera in which one valve 
has a raphe and the other a pscudoraphe (Fig. IIOC-D). 

A raphe is usually interrupted midway between its ends by a thick- 
ening of the wall (the cerUral nodule), and there are often similar swellings 
(pofor nodules) at cither end of it. The raphe is not a simple cleft in the 
wall. Instead, it is an extremely complicated structure, and. that of 
Pinnularia may be cited as fairly typical. As seen in valve view, the 
raphe of Pinnularia is illBigmoid line that runs from one polar nodule to 
the central nodule and thence to the other polar nodule (Fig. 112£). 

* Miiller, 1898, 1899, 1900, 1901. * Gcmeinhardt, 1926; Mtiller, 1899. 
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As seen in vertical transverse section it is > -shaped and not a vertical 
slot.* The upper arm of the > is called the outer fissun-tnad the lowec 
arm the inner fissure. Near the vicinity of each polar nodule the outer 
fissure bends in a semicircle and terminates in a linear expansion called 
the polar de^. In the same region the inner fissure bends in the opposite 
direction and terminates in a funnel cleft that opens on the inner face 
of the cell wall. The central "nodule is a conical projection toward 

t<oUar Outer Yurtieal Jnn$r 



Outer Funnel Polar 

CD E Fiaeure Ckft Cleft 

F 

Fzo. 112. — Structure of the raphe of Pinnularia. A, vertical longitudinal eef tion of a 
fruBtule. B, surface view of a valve. C, vertical section of a valve wall out m the plane 
CC of Fig F D, u similar section cut at DD, E, a similar section cut at EE. F, ter* 
minal portion of a valve showing the inner and outer fissures in surface view. (A-B, 
modtfMfrom MiUler, 1889; C-F, after Midler^ 1896.) 

the interior of the cell, and in this region the outer and inner fissures hi 
each half of a valve are connected with each other by vertical canals. 
Inner fissures of the anterior and posterior parts of a valve are also con- 
nected with each other by a horizontal canal running through the inner 
face of the central nodule. 

Structure of the Protoplast. Immediately within the cell wall is a 
fairly thi^k layer of cytoplasm in which the chtsmatophore or chroma- 
tophores are imbedded. Internal to the cytoplasmic layer is a ,con- 

1 Mflller, 1889, 1896. 
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spicuous central vacuole. Pennate diatoms often have the central 
portion of the vacuole transversely interrupted by a broad band of 
cytoplasm in which lies a spherical or ovoid nucleus.* The chromato> 
phores vary in shape and nxunber from species to species. The structure 
of chromatophores is quite constant for some genera and variable for 
others. For this reason systems of classification based largely upon the 
chromatophoj^ are unsatisfactory'. Protoplasts of Centrales usually 
contain many disewd or irregula^ shaped chromatophores. Those^ 
Pennales usually contain two i(momatophores or a single irregujl^ly 
lobed and perforated chroraatophore (Fig 113). If two chromatophores 



A 

Fia 113 — Valvo and girdle views of the chromatophores of various diatoms. A, 
Namcula radiosa Kutz B, Rhotcoaphenta curvaJta (Kutz ) Grun C, Eunotia dtodon Ehr. 
D, Cymatopleura solea f interrupta {After Oit^ 1900 ) 

are present, they arc laminate and extend longitudinally along opposite 
sides of the protoplast. ‘ Chromatophores may contain one to several 
pyrenoids or may lack them entirely. Pyrenoids are usually ovoid, 
biconvex, or planoconvex in shape. Sometimes they lie in a bulge at 
the inner face of, or entirely separated from, the chroraatophore.* Pyre- 
hoids of diatoms are of the naked tsqie (that is, devoid of a starch ^eadk)^ 
and their exact role in the metabolism of a cell is uncertain. Possibly 
they function as elaioplasts and are concerned in the formation of oils. 

Tsrpically the chromatophores are of a rich golden-brown color, but 
a few species have chromatophores that are a vivid green or even a 
bright blue.* Colorless diatoms in which there are no chromatoi^hoteB 
have also been recorded.* The nutrition of colorless diatoms is saphro- 
phjtic.*^ The golden-brown color of chromatophores has been ascHbed 
to dudimin , a special ^figment wliich masks the chlorophyll *and asSo- 

‘Heinaerling, 1908; Ott, 1900. * Mereschkowsky, 1903. 

* 1903. * Benecke, 19Q0. ' Richter, 1909, 
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ciated yellow pigments. The evidence for and against the presence 
of diatomin is quite contradictory, but those who argue that there arc 
no pigments other than chlorophyll and carotinoids^ seem to have the 
better of those who maintain^ that there is a special pigment. 

Fats are the chief food reserve formed as a result of photosynthetic 
activity. These accumulate in droplets, often of considerable size, 
either in the cytoplasm or in the chromatophores. The method by 
which fats are formed is unknown, but the fact that they serve as food 
reserves is demonstrated by their gradual disappearance when cells are 
kept continuously in a dark room. There are other food reserves in 
addition to fats. The insoluble food granules in the protoplast have been 
called volutiu® and have been thought^ to be rich in nucleic acids^* The 
microchemical methods by which the nucleic acids were demonstrated 
were extremely crude, and one may just as well identify volutin with 
the leucosin found in Xanthophyceae and Chrysophyceae. The paired 
plates sometimes seen in the cytoplasm immediately outside of a nucleus® 
are probably structures concerned in the development of a mitotic 
spindle and not food reserves. 

Diatom cells are uninucleate, and the nucleus is spherical to biconvex 
in shape. In centric species it lies imbedded in th(‘ cytoplasm next to the 
wall; in most pennate species it lies in a (*ytoplasmic bridge across the 
middle of a protoplast. Numerous cytologi(*al investigations have 
shown that the nuchms has a definite membrane, one or more nucleoli, 
and a chromatin-linin network in the intervening space between the two. 
Some species have a centrosome lying at one side of, or in a peripheral 
depression of, the qiicleus; other si)ecies lack a centrosonu'.® Nuclear 
division is always mitotic and generally with the formation of a con- 
siderable number of chromosomes. Nuclei of vegetative cells of all 

pennate diatoms are diploid. Those of certain centric sj^ecies also seem 
to be diploid, and the same may possibly be true of all centric upecies. 

Locomotion of Diatoms. Many of the free-living, and some of the 
colonial, pennate diatoms have the ability to move spontaneously. 
None of the centric diatoms moves independently. Movement is 
generally by a series of jerks and always in the direction of the long axis 
of the cell. After a C(*ll has moved forward for a short distance, it pauses 
for an instant and then, with the same jerky motion, moves backward 
along nearly the same path. Sometimes the movement is smooth instead 
of jerky, but there is always a forward and backward progression. 

Numerous theories have been advanced to account for the motility 
of diatoms, but Muller's theory of cytoplasmic ^treaming® is now almost 

» Kohl, 1906. » MoUsrh, 1905. » Meyer, A., 1904. 

♦ Guilliermond, 1910. * Lauterbom, 1896. 

• J^lUlor, 1889, 1893, 1894, 1896, 1897, 19W, 1909. 
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univerfially accepted as explaining the locomotion of Bacillariophyceae. 
The intimate connection between movement and the presence of a raphe 
was brought out very clearly when it was shown that motility is restricted 
to those j|)ennate species that have a true Muller^s Jheory of 

cytoplasmic cyclosis was based upon studies on Pinnularia.^ ' He holds 
that a stream of cytoplasm flows along the free face of the outer fissure 
in each of the half ctdls. Beginning at the anterior polar cleft (page 202) 
of the outer fissure, the stream moves backward along the outer fissure 
until it reaches the central nodule, where it moves vertically inward 
through the anterior vertical canal of the central nodule (Fig. 114). 
Coincident with this htreaming, there is an outward flow of cytoplasm 
in the posterior vertical canal of the central nodule, and this stream 
moves backward along the outer fissure to the polar cleft in the posterior 



^ \ ^ . 

Fig. 114. — Diaj^ram of the streaming of cytoplasm on the outer face of a Pinnularia 

frustulo The heavy arrow indicates the diroi tion of mo\ ement oi the frustule. (Modified 
from M viler t 1893.) 

polar nodule. Movement of cytoplasm in the outer fissures is accom- 
panied by a compensatory flow in the inner fissures that travels in the 
opposite direction. 

Propulsion of a frustule is in a direction opposite to that of cytoplasmic 
streaming in the outer fissures. Propulsion is due to frictional water 
currents set up bj the flowing cytoplasin and to cyclonic currents in the 
region of the polar nodules. Cytoplasmic cyclosis was first demonstrated 
by the behavior of the suspended particles when cells were mounted in 
dilute India ink. Girdle views of cells mounted in such suspensions 
show that there is a linear flow of particles from anterior polar nodule to 
central nodule, a whirlpool of particles in the region of the central nodule, 
and a linear flow of particles from central nodule to the posterior polar 
nodule. 

'Cell Division. When a diatom cell divides, there is generally a 
formation of two daughter cells of slightly different size. Most cells 
divide during the midnight hours, but some' divide between 7 and 830 
A.M. The first indication of division is an expansion of the proti^last 
that causes a slight separation of the two overlapping half walls. This 
is followed by a mitotii^division of the nucleus in a plane perpendicular 
to the valves (Fig. 116A). Nuclear division of pennate ^atoms is 

^ Muller, 1889. ' Milller, 1889, 1^93, 1896. ’ Gemeinhardt, 1925. 
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generally accompanied by a division of the chromatophores. i If a 
cell has a single chromatophore, its division is alwa]rs lon git udinal: 
if there are two chromatophores, their division may be longitudinal or 
transverse.* Species with numerous chromatophores do not have a 
bipartition of them until after the daughter cells have been formed. 
Pyrenoids, at least in chromatbphores with conspicuous ones, increase 
in number by division and not by formation de novo.* Duplication of 
cell organs is followed by a longitudinal bipartition of the protoplast 
in a plane parallel to the valves (Fig. 115A-B). One of the daughter 
protoplasts lies within the epitheca of the parent-cell wall and the other 
within the hypotheca (Fig. 115D). Each daughter protoplast soon 
secretes a new half wall next its girdle and free face. (The newly foymf^ 
half wall is always the hypotheca of a daughter frustule, 'aSdthe old 



Fio 115 — Foil/ stages m the poll division of Savieula ftblonga Kutz. (After Lauterbom, 

IRUb ) 


half wa ll received from the parent cell, irrespective of whether it was 
Tormerly an epitheca or a hypotheca, is always the^^egjjiheca. It follows, 
therefore, that in a population descended from a single cell, half of the 
cells have an epitheca that was secreted in the previous cell generation, 
a quarter of them an epitheca that was secreted two cell generations back, 
an eighth of them an epitheca secreted three generations biick, and so on 
until there are two cells, each with an epitheca derived from the original 
ceU. 

Utilization of the two old half walls as epithccae for the daughter 
cells results in one cell being the same size as the parent and the other 
being slightly smaller. Continuation of this thrbugh several ceil genera- 
tions would result in a population with some cells appreciably smaller 
than others, but a population in which some cells are of approximately 
the same size as the original parent (Fig. 116). This progressive diminu- 
tion in size of certain cells, sometimes known as Pfitzer*8 law, * db^ 
not always obtain because the girdle of an ep^heca may be ela^Mlc 
that the new hypotheca of a frustule is the same size, or larger, than the 


» Ott, 1900, • Hemzerlmg, 1908. ‘ 1871, 1888. 
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old half-cell wall. Daughter cells may also become longer than the 
parent cell as a result of ^‘secondai^growth 

When cells become progressively smaller, the diminution in size may 
be in all planes or only in one axis of the valve face.^* Progressive 
diminution in size is not accompanied by a corresponding reduction in 
fineness of the ornamentation. 

The best evidence for or against Pfitzer^s law has been found in pure 
cultures started from a single cell. In certain species there is no appreci- 
able diminution in size ev(*n when the colls an* carried through innumer- 
able cell generations.’ Other species grown in pure culture behave 
in accordance with Pfitzer’s law and show'' a piogressive decrease in size 
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Pio 116 — Diagram shoAMng prugrofiisnc diminution m size ot cert un frustules through 
Buccessivc cell generations of a di itom H ilf ^alls ot the first generation are in black, 
those of the second geiiorition are in stipple, those ot the third generation are in cross- 
hatched stipple, and those of the f jurth gem ration arc unshaded 


of certain cells. Statistical studies on coll 'size of diatoms growing 
under natural conditions' show that they also may or may not become 
progressively smaller. Diimiiution in Size does not continue iudefinitely > 
because cells of any paitieular siiecics are unable to diyide fijrther when 
they reach a bertain minimal size. These cells die off because they 
can neither divide nor form rejuvenescent cells (auxospores) of a mucht 
larger size.* 

Pennate diatoms occasionally have the protoplast forming several 

successive sets of new half walls without escaping from the original 

wall surrounding a cell Successively formed half walls, which are » 

progressively smaller, nest one within the other, and the later-foipied 

walls often have imperfectly developed raphes. Such crahciflar tiages 

are immobile. Qrs.tioular stages result from unfavorable enviroiunentat 
■ 

^ Q^neinhardt, 1927. * Tbrka, 1928; Goitler, 1932. 

' Allen and Nelson, 1910^^chter, 1909 * Gcitler, 1932; Meinhold, 1911. 

* Qeitler, 1932; Bethge. 1^. j • (JeHler, 1982. 
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conditions, especially an increase in salt content of the water. ^ Return 
of favorable conditions induces active cell division in a craticular stage, 
and within a cell generation or two the daughter cells arc normal in 
structure and migrate from the nested half walls of the parent cell. 

Statospores. Thick-walled resting spores (variously called stato- 
sphores, endospores, or cysts) may be formed within the frustul^ of 
^ntHc 'diatoms. They are best known in marine' plankton species but 
have also been found in three fresh-water plankton genera. Statospores 



Fio. 117. — Statospores of Chactoceros 
Elmorti Boyer. two frustules, each con- 
taining an immature statospore. a 
mature statospore. {AJter Boyers 1914.) 


are enveloped by a wall with two 
overlapping halves, but the shape 
and ornamentation of a statospore 
wall differs from that of a vegeta- 
tive cell (Fig. 117). In most cases 
the epitheca of a fstatosporo is 
ornamented with spines and the 
hypotheca is smooth.^ The proto- 
plast of a vegetative cell contracts 
at the time of statospore forma- 
tion, but the details of spore forma- 
tion are unknown. There is a 
strong probability that they are 
formed in the same endoplasmic 
manner as are the homologous 
spores of Chrysophyceae and 
Xanthophyeeae. 

The thick-walled spores formed 
in pairs or in greater numbers* 
within frustules of a few centric 


and pennate diatoms are probably different from true statospores. 
These resting spores, whose germination has not been observed, seem to 
be formed at the end of the vegetative season'^ and may possibly tide 
the diatom over unfavorable seasons. However, resting spores are not 
necessary to carry fresh-water diatoms through unfavorable seasons since 
vegetative cells of many species may withstand desiccation for months 
and years. 

Auxospores of Pennate Diatoms. Many pennate diatoms form 
rejuvenescent cells (auxospores) considerably larger than the vegetative 
cells producing them. Auxospore formation by pennate diatoms is 
always associated with sexual reproduction and due either to enlarge- 
ment of a zygote or to enlargement of a parthe^gdf^tio gamete. ’ Auxo- 
spore formation takes place in cells that have become pyogrossively 


» Gteitler, 1927D; Liebisch, 1929. * Boyer, 1914; Jklangin, 1912; Schtttt, 1896, 

» Hustedt, 1927-1930. < West, 1912. •^West, 1916. 
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smaller but before they have reached the minimal size.^ Production 
of auxospores is also correlated with environmental conditions and 
their formation may be induced by transferring vegetative cells to a 
weakeLcqncentration of the culture medium. 

There are four general methods^ by which Pennales produce auxo- 
spores: (1) two cells each produce two gametes which fuse in pairs to 
form two zy^ofps (auxospores) ; (2) two colls each produce a single gamete, 
and the two fuse to form a single zygote (auxospore); (3) a single cell 
may produce two gametes that unite with each other to form a zygote 
(auxospore), or a cell may produce tvrO gamete nuclei that unite to form 
a zygote nucleus; and (4) a single cell produces a single gamete which 
develops parthenogeiietieally into an auxospore. 

Irrespective of the manner of formation, there is an immediate 
elongation of the auxospore, or auxospores, to considerably more than 
the length of the parent cell or cells. The elongation may be in a plane 
parallel with oi at right angles to the old empty parent half walls. Com- 
pletion of elongation is followed by a formation of a silicified wall whose 
epitheca and hypotheca have an oniamentation much like that of the 
parent cell. The ma'luro auxospore germinates immediately by dividing 
longitudinally into tw’o daughter cells, both of w’^hich soon divide and 
redivide. Vegetative cells formed by division of an auxospore are 
approximately the ^ame length as the auxosi)ore, that is, of approximately 
the maximal length and breadth for the particular species. Division of 
the auxospore (zygote) nucleus is efpiational, and all subsequent nuclear 
divisions preVeding vegetative cell division are also equational. Because 
of this all vegetative cells of Pennales are diploid. 

In auxospore formation, accbl^ding to the first general method^ the 
pair of cells may be sister cells or tw'o that are not derived from a common 
parent cell. In either case they lie within a common gelatinous envelope. 
Several species have been studied cytologically and all of them have been 
shown to have a reductional division of their nuclei prior to gamete 
formation. Conjugating cell^ Of several other species have been shown 
to produce four nuclei in a cell before the protoplast divides to form 
two gametes, each with a single nucleus or with a functional and a 
degenerating nucleus. The inference is that nuclear division in these 
cells is also reductional, but the actual halving of the chromosome 
numbers has not been demonstrated. All species producing pairs of 
auxospores have protoplasts of both cells dividing to form two gametes 
(Fig, 118). Division of a protoplast may be transverse^ or longitudinal,^ 
and the two gametes n^y be of equal or unequal size. Gametes of 

1 Geitler, 1932, 1935. * Geitlcr, 1935. 

•Von Cholnoky, 1927, 1928, 1929, 1933; Geitler, 1927C, 1928A; Meyer, K., 1929. 

• Karsten, 1896, 1897; Klebahn, 1896. • Geitler, 1928ii. 
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unequal size may be due to an unequal division of the parent protoplast* 
or to an enlargement of one gamete shortly after it is formed.* Even 
when two gametes are morphologically similar, there may be such 
physiological differences as one bein^ mobile and the other- passive. 
Movement of gametes is always amoeboid and is. never dqe to^ fl age ll^. 
Two gametes formed within a cell always unite with those in the other 
cell of an apposed pair and never with each other. Fusion of gametes 
usually takes place midway between the parent frustules, but a gamete 
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Fro. 118.— Diagrams showing the formation of two auxospores by two eoniunating cells 

of a pennate diatom, Cymbella laneeolata (Ehr.) reauctlon dm8iaii'"and 

degeneration of two nuclei in each frustule. after the division of each protoplast into 
two gametes of unequal size. young zygotes. F-Ot elongation of the zygotes to form 
auxospores. {Diagrams based upon Geitler, 1927.^.) ‘ 

from one frustule may migrate to and unite with gamete in the other 
frustule.’ iln the latter case there is a simultaneous or subsequent 
migration of a gamete from the second frustule and a union of it with 
the gamete remaining in the first frustule. Gametic - union 4s soon 
followed by a fusion of the gamete nuclei and anr elongation o| the. zygote 
into an* auxospore. y 

' Several species with two cells producing a si ngly &ui^|er e have 
also been shown’ to have a reduction division df nu^<m1m the conjugating 

’ Qeitler, 1927B. * Karaten. 1896. * Geitler, 1i927B, 

« y<m Caiolnoky, 1927 j Geitler, 19274; Karaten, l»i3. ' 
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cells. In some species there is a formation of four nuclei followed by % 
disintegration of three of them;^ in other species one of the daughter 
nuclei of the first division begins to degenerate as soon as it is formed* • 
and the other nucleus divides into two daughter nuclei, one of which 
(Usintegrates (Fig. 119) In either case, the two protoplasts with a 
single haploid nucleus become amoejDoid gametes that meet midway 
between the old empty frustules and there unite to form a zygote. 

t The sexual production of a single auxospore by a single cell has 
been described for several species, but in none of them is it established 




Fio 1 19 — lliagTam. ahowiiiK the formation of one ajg^Qppoie by the ronjugation of two 
cells of a pennato di itom f account j laeentiUa vif thnoraphta Geitler A C, reduction 
dlVlSbn and degcnrration of all but ono nu< leu<i in rarh frustule D gamotio umon B, 
young sygote I -G, enlorgemout of the zygOte tO form an auxospore (Dtagramt hated 
upon QnJdtr, 1927A ) 


beyond all &ovibi. /Amphora Normam Rab. is a species with a single 
chromatophore |/uxospore formation m* solitary cells of this species 
begins with a contraction of the protoplast A contracted protoplast 
contains two nuclei and two chiomatophores There then follows a 
springing apart of the two half walls and an elongation of the proto- 
plast to form an auxospore more than twice as long as the original cell. 
Early stages in elongation of an auxospore aie binucleate; olde^ stages 
are uninucleate but sometimes with two nucleoh in the nucleus, e It 
has been held* that nuclear division producing the binucleate catidiiioil 
is teductional and that the fusion of two bister haploid nuclei produces 
a single diploid nucleus iff the auxospore. 

« Kawten, 1012. * Geitlor. 1927il 

< Gentler, 10280. * Ocitler, 1028B. 1032 
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Parthenogenetic development of an auxospore from a single gamete 
seems definitely established in Cocconeis placerUula var. hneata (Ehr.) 
Cleve Here* two cells lie within a common envelope but give rise to 
auxospores without gametic umon (Fig 120). The nucleus in each cell 
goes into a synapsis-like contraction and then into a “diakinesis” that 
produces about 28 single chromosomes instead of pairs of chromosomes 
There then follows the usual double division, with one nucleus degenerat- 



Fig 120 — Diagraina showing the parthenogenetK development of luxosports in each 
of two conjugated” cells of a ponnatc diatom Cocconeis pJacentula var hncala (I* hr) 
Cleve A-Ct nuclear division and degeneration pf all but one nucleus in oacli friistule 
D, enlargement of the protoplasts to form auxospores {Diagiamn based upon Ot%thr, 
1927vl ) 

ing after the first divibion and one disintegrating dftor the second division 
The result is a uninucleate cell m \\hieh the protoplast is a gamete with a 
diploid instead of a haploid number of diiomosomes. The gamete with 
a diploid nucleus then develops directly into an auxospore 

Auxospores of Centric Diatoms. Auxospores of Centrales are always 
formed singly \^ithin a cell In Melostra the halves of a frustule wall 
pull apart from each other and the exposed portion of the protoplast 



Fig 121 — Auxospores of a centric diatom, Mdosira vanans Ag {After 1SS2 ) 

increases greatly in diameter. It swells to thrice its original size, beeojties 
rounded, and secretes two new silicified half walls with essentially the 
same markings as the parent cell (Fig 121). This auxospore remains 
attached to the parent-cell half walls for some time. It germinates by 
dividing transversely into two daughter cells, #nd these, in lurn, divide 
and redivide in the same plane. Vegetative daughter cells of an auxo- 

* Qeitler, 1027 A 
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spore are the same diameter as the auxospore, that is, two to three times 
the diameter of the original vegetative cell. 

Until a few years ago the auxospores of Melostra and of all other Cen- 
trales were thought to be strictly asexual. Two species of Chaetoceros 
have recently been described^ as having a reductional division forming 
four nuclei. Two of the nuclei fuse, and two generate. One species of 
Melosira has been described as having a similar behavior of the nuclei.* 
Developing auxospores of another species of Melostra^ have been found 
with one large and two degenerating nuclei. The nuclear behavior in 
the foregoing cases is not established beyond all doubt, butd:here is a 
presumption that auxospore foimation is sexual in nature since it involves 
a fusion of two haploid nuclei. There is also a possibility that auxospores 
of other Centrales are formed in a similar manner. If this be true, 
vegetative cells of Ci'iitrales are diploid instead of haploid. ^ 

“Microspores.’’ Many of the Centrales have been found producing 
a large number of w in os pons within each cell The conflicting views 
concerning the nature of microspores are in part due to the fact that they 




Fig 122 — Mk rosporo f()rmation in Btddulphta mohilxenaxs Bailey. A, recently divided 
vegetilivc cell B-E si igps in repeated bi partition of protoplasts F, xnicrospores before 
liber Jtion Cr, frec-s'wimming mitrospore (A/Ctr Bergon, 1907 ) {A-F, X 200, G, 

X 1,000 ) 

are known mostly from marine plankton species which have been studied 
only in preserved collections. However, motile microsporcs have been 
denionstraled for a sufficient number of species* to warrant the assump- 
tion that all have dagolla Microspores of certain genera are described® 
as having one flagellum; those of other species are said* to be biflagellate. 
The number of microspores within a cell is always a multiple of two and 
there may be 8, 16, 32, 64, or 128 of them. T hey ma y be.fctangjlJbyji 
repeated simultaneous di^ion of the nuclei and a cytoplasmic clewyagp 

‘ Persidsky, 1929. * Pcrsiduky, 1935. » Vou Cholnoky, 1933ii. 

* Borgon, 1907; Pavillan? 1914; Pcrgallo, 1906; Schiller, 1909; Schmidt, 1923; 
Went in Geitler, 1932. 

‘ Bergen, 1907; Schiller, 1909. * Pavillird, 1914; Schmidt, 1923. 
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following the laet seri^of nuclea;: diviaions/ or a cytoplasmic cleavage 
mt^ follow each "nuclear division* until 8, 16, 32, or more uninucleate 
protoplasts have been formed (Fig. 122). All nuclear divisions preceding 
microsporc formation have been held® to be equational, but more recent 
studies* indicate that mciosis occurs during the scries of divisions. 

\Son^ ghycplogists think that microspores are zoospore^ pothers think 
thOT tUey are zoogametes^ The evidence that they are zoogametes is 
very scanty since gametic union has been found in but one siiecies,* 
and even this is open to question. Even if the fact that microspores are 
not isogalnetes can be established beyond all doubt, there is still the 
possibility that they are gametic in nature. A species of Chaet ocero a 
found in a plankton haul from the middle of the Atlantic Ocean and 
studied in a living condition was found to be liberating motile micros])ores 
in abundance.* These swarmed about cells with undivided contents. 
This was thought to be the beginning of a gametic union. If this should 
prove to bo the case, the microspores are to he considered "motile ihalc 
g^etes (anlherozoids) which escape from a parent cell and swim to a 
female cell containing an undivided protoplast (the egg).* There is also 
a presumption that the resultant z ygo te, would develop into anlauxospore. 

Classification. Practically all treatises on diatoms written within 
the past three decades have followed the clah.dfication of Schiitt,* which 
is based entirely on structure of the fru&tule wall. Schutt places all 
diatoms in a single family and e.stabli.shes hubfamilies, tribes, subtribes, 
and other family subdivisions to show the af!initie.s between closely 
related genera and those' that are more remotely rc'lated. Ijater workers 
have raised SchUtt’s subfamilies to the rank of orders and have given 
his subdivisions in. each subfamily a correspondingly greater rank. 
Schiitt segregated diatoms into two major .series, one with ornamentation 
of valves concentrically or radially syimnetrical about a central point, 
the other with ornamentation of valves bilaterally symmetrical with 
respect to a line. This distinction appears to be artificial, but it is quite 
natural and correlates with many other charjictcrs. Centric diatoms 
usually have many chromatophores, are immobile, produce statospores, 
form motile microspores, and never conjugate in pairs to form an auxo- 
spore. Pennate diatoms, on the other hand, usually have but onte or 
two chromatophores, often have cells capable of spontaneous movement, 
lack flagellated microspores, and frequently conjugate in pairs to form 
auxospores. 

‘ Karsten, 1904; Schmidt, 1929. » Bergon, 1907; Hofker, 1928. 

* Karsten, 1904, 1924. * Hofker, J928; Schmidt,. 1931, 1933. 

• Schmidt, 1923. '' 

• Went in Geitler, 1932, pp. 11-12. 

* Geitler, 1936. • Schutt, 1896. 
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The two orders of diatoms are: 

Centrales in which the valves are circular, polygonal, or irregular in 
outline and with an ornamentation that is radial or eoneentric about a 
central point. The valves never have a raphe or pseudoraphe. Living 
species generally have protoplasts with many chromntophores. There 
may be a production of slatospores or of motile microspores. Auxospores 
are never formed by a conjugation of two cells. The order includes about 
100 genera and 2,400 specnes. 

Pfnnalcs in which the valve's are bilaterally symmetrical or asym- 
metri(*al in suiface view, but always witli an ornamentation bilaterally 
disposctl with respect to a line and never a point. The valves always 
have a ra))he or i:)seudoraohe. living spc'cies generally have protoplasts 
containing one or two chroniai ophores. Thcie is lu'ver a formation of 
statospor('« or motih' micr()s[)orcs Cells of many species conjugate in 
pairs 1o form aiixo'^pores. The order inv*ludes about 70 genera and 
2,000 s])ccies 
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CHAPTER VI 


PHAEOPHYTA 

Cells of the Phaeophyta, or brown algae, hove chromatophorcs in 
which the photosynthetic pigments are masked by a golden-brown pig- 
ment— Thalli of Phaeophyta are always multicellular and 
generally of a definite macroscopic form. Motile reproductive cells, 
whether zoospores or gametes, are pyriform and have two^ laterally 
inserted flagella of unequal length. There are about 190 genera and 
900 spccies^of brown algae. ^ 

Distribution. Three rare fresh-water Phaeophyta are known from 
Europe; all other species are marine. Generally speaking, the marine 
Phaeophyta are algae of cold waters. They are the predominating 
element in the littoral flora of Arctic and Antarctic seas, and they con- 
stitute a progressively less conspicuous element in fhe flora as one goes 
toward the tropics. However, certain of the browm algae, notably the 
Dictyotales and Sargaasum, are distinctly w^arm-w^ater plants. 

Many of the marine species grow attached to rocks or to some other 
inanimate substratum. Other species grow in association with other 
algae, either as epiphytes or as endophytes. In many cases, as Myrio^ 
nema strangulans Grev, (page 248), brown algae grow only upon a single 
host sj>ecies. 

There is a marked variation in vertical distribution of the marine 
Phaeophyta at any given station. Many species grow only in the inter- 
tidal zone, and even here there is a dii^i^t^ vertical ^ou^tm^ Thus 
the rockweeds (Fucaceae) arc usually restricted to the upper littoral 
belt and the kelps (Laminariales) to the lowermost portion of it. Other 
littoral genera, as Sphacelaria (page 236) and Leathesia (page 249), tend 
to be restrioted to the midlittoral belt. There are also species whieh 
grow only in the sublittoral region. The most notable of these are 
certain of the giant kelps found along the Pacific Coast of this country. 
These algae grow on rocky reefs 10 to 20 meters below the surface of the 
water. The kelps are anchored to the reef by a holdfast from which 
arises a long slender aJds whosS upper portion is expanded into a number 

of blades that float upon the surface of the water. Other sublittoral 

m 

* Antherozoids of Dtetyota appear to have but one laterally inserted jQagellum. 

* Estimates of the number of Phaeophyta are based upon Kjellman, 1891-1893; 
Kjellman and Svedelius, 1911. 
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Phaeophyta, as certain species of Sargassum (page 224) and of De«- 
marestia (page 263), never extend up to the surface of the water. Sub- 
littoral Phaeophjrta of northern seas are rarely found below the 25-ineter 
level, but in warmer waters, as those off the coast of Florida^ and in the 
Mediterranean, 2 they lAay grow at somewhat lower depths. The greatest 
depth at which brown algae have been found is 110 meters.* 

Cell Structure Cells of the Phaeophyta have a distinct wall and 
one differentiated into an inner firm portion and an outer gelatinous 
portion. The major constituent of the firm portion is cellulose;’ that 
of the gelatinous portion is algiUj a substance peculiar to brown algae. 
It is thought^ that this is a pectic compound which consists in whole* or 
in part’ of the calcium salt ol alginic acid. 

ProtojJasts of vegetative cells are vacuolate and generally uninu- 
cleate. The nuclei resemble thos§ of vascular plants in that there is a 
nuclear membrane, a nucleolus, and a chromatic network. Their divi- 
sion is mitotic. Division of vegetative nuclei in a considerable number df 
genera resembles the nuclear division of animals in that there are centro- 
spheres or ccntro&omes at the polar foci of the mitotic figure. | Genera in 
which these polar bodies have been found include those of Sphacelariales,* 
Cutleriales,^ Dictyotales,® Punctariales,*^ Laminariales,^® and Fucales.^^ 
These orders cover such a wide range among the Phaeoplij-^a that one is 
almost justified in assuming that centrospherc's are present in vegetative 
mitosis in all genera. 

Vegetative ce^ls of brown algae generally contain more than one 
chromatophore.'^ Some species have disciform chromatophores; others 
have flattened chromatophores with a very irregular outline. The 
chromatophores lack pyrenoids. The chromatophores or the cytoplasm 
may contain one or more irregularly shaped whitish fwosan granules. 
At one time the fucosan granules were thought to be an insoluble food 
reserve stored in the cell. Todays* they are interpreted as tannic com- 
pounds formed as a by-product of metabolic processes within the cell. 
<^^VHgments. Chroniatophores of brown algae eontain the same pig- 
ments as the chloroplasts of green plants; that is, chlpiophyll a, chloro- 
phyll h, carotin, and xanthophyll. Pigments in the brown algae are 
thought*® to be similar in chemical composition to those in the green plant. 

1 Taylor, 1928. * Funk, 1927. 

* Kylin, 1916; Miwa, 1932; Naylor and Russell-Wells, 1934. 

* Kylin, 1916. » Miwa, 1932. ^ 

* Higgins, 1931; Swingle, 1897. ^ Yamanoiiehi, 1912, *1913. 

* Carter, 1927; Haupt, 1932; Motticr, 1900; Williams, 1904, 1904A. 

* Mathias, 1936. Mcjfay, 1933. 

“ Farmer and Williams, 1898; Strashurger, 1897; Walker, 1931 ; Yamanouchi, 1909. 

w Chadefaud, 1936; Kylin, 1912, 1918. 

” Kylin, 1912A, 1927; Willst&ttor and Page, 1914 
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However, the proportional amounts of chlorophyll a and chlorop^ll h 
are different* since chronjatophores of brown algae contain less than 
5 per oent chlorophyll h. The unique pigment of the Phaeophyta, 
fucoxanthin. masks the other {Mgments in the chromatpphore/ ' It is a 
’ carotinpid pi|pnent, and its chemical composition has been given* as 
"l^Jore recently it has been held® that the so-called fucoxanthin 
is really a mixture of two carotinoid pigments, fucoxanthin a and fuco- 
xanthin b. 

Reserye Foods. Carbohydrate formationin broy\{^ algae is comparable 
to t^at in sugaiHitoring vascular plants rather than to that in starch- 
storing ones. An reserve carbohydrates of Phaeophyta are stored in a 
dissolved state; but it is uncertain whether these accumulate in the 
vacuoles, in the cytoplasm, or throughout the protoplast. Cells of brown 
algae eontain only very small amounts of simple sugars® — probably 
'^ntoses.^ It is not improbable that the simple sugars formed by photo- 
synthesis are immediately converted into more complex carbohydrates. 
One of the most widely distributed of these'' is a dextrin-like poljrsacch- 
aride khown as latnfnarin. It has been held® that the so-called laminarin 
is really a series of closely related compounds rather than a single one. 
Laminarin may accumulate insufficient quantity to constitiite 7 to 35 per 
cent of the dry weight of a plant.® The gradual increase in the amount of 
laminarin throughout the growing season and the diminution in the 
amount of it at the time of reproduction or when new parts are regen- 
erated shows that it serves as a reserve food.® Another widely dis- 
tributed carbohydrate of Phaeophyta is mannitol, a hexahydric alcohol.® 
Some of the brown algae also foim a certain amount of fats or fat-like 
substances. These are especially abundant in species growing high in 
the littoral zone.® 

The Thallus. In all of the Phaeophyta but the Fucales there is, 
or there probably is, an alternation of a ffee-living multicellular gameto- 
phytic generation with a free-living multicellular sporophytic generation. 
The two generations may be similar in size and vegetative stniclure; or 
they may be dissimilar. Genera with dissimilar generations may have 
the spcfropbyte larger than the gametophyte, or vice versa. In some 
genera, as Leathesia (page 249), both generations are annual plants; 
m other genera, as Zonaria (page 244), both are perennial; in still others, 
as in certain kelps, the gametophyte Is an annual and the sporophsde a 
perennial. 

* Willstattpr and Page, 1914. • Kylin, 1927. 

' Haas and HiU, 1933; Kylm, 1918A. * Haas ^d Hill, 1929. 

‘ Kyhn, 1913, 1915, 1918.4. • Kylin, 1915. 

® and Hill, 1929A; Kylm, 1913, 1918.1. # Haas and HOI, 1933. 
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There is great variation in size of the adult thallus from genus to 
genus. At one extreme, stand the minute gametophytes or sporophytes 
with only a few cells; at the other extreme are the sporophytes of the 
Pacific Coast giant kelps that attain a height of 26 to 30 meters. There 
is no particular correlation between longevity and size of the plant body. 
Thus, among the sporophytes of kelps,, that of Nereocystis is an annual 
which grows to a height of 15 to 20 meters, whereas that of Pterygophora 
lives for 15 years or more and never becomes more than 3 meters tall. 

The mature sporophyte or gametophsrte may either be amorphous or 
of definite form. In the latter case it is generally differentiated into a 
holdfast and an ereet portion. The erect portion may be simple or 
branched; solid or hollow; and tubular, spherical, or compressed. The 
greatest complexity of form is found among the kelps where there is an 
external differentiation comparable to that of a vascular plant. There 
is a root-like holdfast from which arises a simple or branched stem-like 
stipe that beers one to many Icaf-like blades. 

The growing apex of many Phaeophyta is a branched uniseriate 
filament in which cell division is intercalary. Growth by jigpaus.pf 
such an apical filaiubut is said to be tnchothalltc. Tn some trichothallic 
genera mature portions of a thallus have a filamentous organization 
similar to that of the growing ajx'x This is clearly evident in genera 
where the branches lie free from one another, as in Ectocarpua (page 232), 
and it is less clearly evident in genera, such as Leathesia (page 249), 
where the branches lie apposed to one another. In still other genera, as 
Desmaresha (page 253), the trichothallic nature of mature portions of a 
thallus IS completely obliterated by a cortieation of the filaments. . 

Terminal growth of other Phaeophyta is initiated by a single apical, 
cell (JPelvetia, page 268), or a transverse row of apical cells {Zonana, page 
244). According to the species, the apical cell cuts off derivatives at the 
posterior face only, or at both the posterior and the lateral faces. 

Growth of the kelps is unique in that it is not apical, but is due to the 
activity of a meristematic region at the juncture of stipe and blade, or 
at the base of the stipe. 

Mature regions of most thalli ha\ c more or loss differentiation between 
the external and the internal portions. Superficial cells are always 
smsdler and more densely filled with chromatophores than are the 
internal ones. The transition from small superficial to large internal 
cells may be gradual (Leaifu-sia, page 249), or the superficial cells muy be 
differentiated into an epidermis-like layer (Dmnarestia, page 253). 
Thalli of Fucales andjpaminariales aie internally diffqr^ptiated.jillto 
two distinct tissues; the,cei^al wcdwlfo, composed of elongate colorless 
cells, and the encircling cortex pi more or less isodiametric cells in which 
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those toward the exterior contain chromatophores. The greatest 
internal differentiation of tissues is found in certain Pacific Coast giant 
kelps where there are sieve tubes among the elements of the medulla. 

Asexual Reproduction. Several of the Phaeophyta reproduce vegeta- 
tively by a fragmentation of the thallus. This may take place at either 
the juvenile or the adult stage.^ An attached adult thallus may split 
into two or more portions which remain attached to the substratum. 
In such cases a single individual may be replaced by a cluster of indi- 
viduals. Vegetative multiplication may also be effected by a detachment 
of fragments that float away and develop into new plants. The best 
example of multiplication by means of detached fragments is the Sargas- 
sunif which is abundant in the Gulf Stream and the Sargasso Sea. The 
most prolific of these Sargassa is S. natans (L.) Meyen, a species known 
only in the free-floating condition and one which has never been found 
with fructifications.^ Vegetative multiplication may also be due, as 
in Sphacelaria (page 236), to the formation and abscission of special 
reproductive branches, propagula, 

All Phaeophyta but the Fucales produce either zoospores or aplano- 
spores. Zoospores may be formed within one-celled or within many- 
cejUScT reproductive organs. The widespread usage of the name that 
Thuret^ gave the many-celled organ (pliirilocular sporangivm) is mislead- 
ing since it is applied both to many-celled sporangia and to many-celled 
gametangia. 

The one-celled zooid-producing reproductive organ that Tliurot called 
a unilocuUlT S'poTa'n{)ivnt is sporanglal in nature. Its development begins 
with an enlargement of a uninucleate coll and a division and rodivision 
of the nucleus into 32, 64, or 128 daughter nuclei. There is then a 
cleavage into uninucleate protoplasts, not separated from one another 
by walls, and a metamorphosis of each protoplast into a biflagellate 
zoospore. The zoospores arc liberated by a rupture of the sporangial 
wall. In all species that have been investigated cytologically,® the 
thallus producing unilocular sporangia is diploid, and the first nuclear 
division in sporangial development is reductional. Hence one is justified 
in assuming that any thallus producing unilocular sporangia is diploid 
and not haploid. Thalli have been grown in cultures initiated by inocula- 
tion with zoospores from unilocular sporangia of 60 or more species and 
in every case these have been gametophytes. Some phycologists^ hold 
that the zoospores from unilocular sporangia always germinate to form 

^ Collins, 1917. * Thuret, 1855. 

• Clint, 1927; Dammann, 1930; Higgins, 1931; Knigfit, 1923, 1929; Kylin, 1918B; 
McKay, 1933; Mathias, 1935, 1935A; Parke, 1933; Pappenfus, 1935; Yamanouohi, 
1912, 1913. 

« Kylin, 1933. 
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gamctoph3rtes, but in several genera the zoospores have been observed^ 
fusing in pairs. Unfortunately, practically nothing is known concerning 
further behavior of these zygotes. 

Unilocular sporangia may also have their protoplasts dividing into 
large nonflagellated aplanospores instead of into zoospores. In the ' 
Dictyotales the single nucleus of a young sporangium divides reduc* 
tionally^ to form four or eight nuclei. This is followed by a cleavage 
of the protoplast into four or eight uninucleate aplanospores. The 
monosporangium of the Tilopteridales also seems to be a unilocular 
sporangium (see page 238). 

The nature of the so-called plurihcular sporangium was a matter 
of dispute until the introduction of the culture method of studying life 
histories some twenty years ago. This has sho^vn that some “ plurilocular ^ 
sporangia” are ganu'tangia, and others are sporangia. When a plsjui- 
loeular sporangium is a sporangium, it is always borne upon a diploid 
thallus, and the zoospores produced by it germinate to form new dipimd 
plants. Thes(‘ liavc' bec^n called^ neutral zoospores^ because they germinate 
to form the sam(' instead of the alternate generatipn. The sporangium^ 
producing them should be called a neutral sporangium rather than a 
plurilocular hporangium. The neutral sporangium develops from a single 
cell which divides and ledivides to fofm an elongate multicellular structure 
composed of many small cubical cells (Fig J25/-/). Neutral sporangia 
of most Phaeophyta aic many cells in height and vS(‘vcral in breadth, but 
in some gfmera (as Li atfusia^ Fig, id^D) they aic onc Cell in breadth and a 
few c('lls in height. Th(* protoplast of each cell in a sporangium is even- 
tually metamorphosed into a neutial zoospore with two laterally inserted 
flagella. Neutral zoospores are liberated by a nipture of the surrounding 
cell walls. A few of the brown algae are heterosporous and with two 
morphologically different neutral sporangia, one producing small zoo- 
spores, the other large ones.^ . 

Sexual Reproduction, Gametic union among Phaeophyta may be by 
a union of two motile gam(*tes of equal size {isogamy), by a union of two 
motile gametes of uneq\ial size {amsognrny), or by a union of a small 
motile antherozoid with a large immobile egg {oogamy), Gametangia 
producing iso- and anisogametes have a structure similar to that of 
neutral sporangia. Sexual reproduction in most of the Ectocarpales, 
Sphacelariales, Punctariales, and Dietyosiphonales is isogamous. The 
gametophytes may be homo- or heterothallic. Both isogametes n\j=iy be 
actively motile at the time of gametic union, or one of them (the female) 

'Abe, 1935, 193r)A; Cli#, 1927; Hygcn, 1934; Knight, 1929; Schussnig and 
Kothbauer, 1934. 

* Carter, 1927; Haupt, 1932; MoUier, 1900; Williams, 1904. 

* Svedelius, 1928 ^ Sauvageau, 1896; Svedelius, 1928. 
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may be motionlesa at the time when the other (the male) swims to and 
unites with it. Gametic union is immediately followed by a develop- 
ment of the zygote into a sporophyte. There is usually a disintegration 
of gametes that have failed to conjugate, but sometimes ‘ they develop 
parthenogenej^ically into new garaetophytes. 

Relatively few of the brown algae are anisogamous.* Gametangia of 
anisogamous species are multicellular and morphologically different. 
Male gametangia are distinguibhable from female ones on account of 
their much smaller cells. Both kinds of gamete are bidagellate. Male 
ganietes usually have but one chromatophore, and the female gametes 
usually contain several. At the time of gametic union the male gametes 
are actively motile, and the female immobile or moving sluggishly. In 
the Cutleriales* fusion of the two nuclei takes place within a few hours 
after gametic union, and the zygote begins to develop into a sporophyte 
within a day. Unfortilizt'd temale gametes of Cutleriales regularly 
develop parthenogenetically into new gametophytes.^ 

Thus far, all known garaetophytes of Desmarestiah's, Laminariales, 
and Dietyotales are oogamous and heteiothallic The antheridia may be 
multtcclmlar (Dictyotales) or unicellular (Desmarestiales, Jjaminariales) 
These two types of antheridium are homologous with gjimetangia produc- 
ing iso- or anisogametes in that the entire protoplast within an aiitheridial 
cell is metamorphosed into a single biflagellate antherozoid The 
odgonia are always unicellular and with a single largo nonflagellatod 
egg. Eg^ of the Dictyotales are discharged from the oogonia, and 
fertilization takes place while they are flov+ing about m the water. Those 
of Desmarestiales and Laminaiiales are extruded from, but remain 
attached to, the apices of the oogonia. Paithenogenesis is quite common 
in theTDictyotales, an order in which spoiophyte and garnet ophyte are 
identical. It has also been found in two oogamous species of a genus in 
which gametophyte and sporophyte are dissimilar. Here* the partheno- 
geneticaUy*3eveloped germling has the structure of a sporophyte. 

All the Fucales are oogamous. Dejicnding upon the genus, one, two, 
four, or eight “eggs” are formed with a one-celled reproductive organ 
which is usually called an “oogonium.” The “antherozoids,” generally 
64, are formed within a one-celled n'prodwotivc organ which is usually 
called an “antheridium.” Antherozoids of Fucales differ from tho'ie of 
all other broivn algae in that the posterior flagellum is longer than the 
anterior one. Oogonia and antheridia of FucaleA differ from those of all 
other oogamous Phaa^hyta in that they are borne upon a diploid plant. 
*Young “sex organs” of Fucales contain a sinj^e diploid nucleus which 

tHygen, 1934; Papponfuss, 1935 

*KM8akof!, 1892; Kuckuck, 1912A; Sauvsgeau, 1896A; Tamsnoushi, 1912, 1913 

* Timanouchi, 1912, 1913 *Schreiber, 1930. 
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divides reductionally as the organ develops. Thus, as first poiuted out 
leproduetive organs of Fucales are homologous with uj^ocular 
sporangia rather than with gametanpa' '*'All the Fucales are hetWospor- 
ous and with microsporangia^ that produce small motile spores and 
macrosporangta* that pioduce large immobile ones. All the IPucales 
regularly have a gamelic union in which the toicrospores (zoospores) 
fimction as antherozoids and the macrospores (aplanospores) function as 
eggs. Under normal conditions unfertilized eggs disintegrate a few 
hours after liberation, but they have been induced'* to germinate partheno- 
genetically by chemical stimulation 

» Alternation of Generations. The epoch-making discovery^ of an 
alternation of generattous in the Laminariales w as due to an introduction 




Pio 123 — DnKnms .ihowm* iIk. tyi>i< u iif*. oyiie ol a nieHibcr of tho losgenoratae 
{A) Slid a meiuber Ot the Hitorogenertt le (B) Cells coiitsiumi; diploid nuolu aro out- 
lined with a liL ivy hue 

of culture methods in im estigating life cycles The results obtained by 
cultivation of a wude range of Phaeophyta now justify the generalization* 
that all brown algae but the Fucales have an alternation of sporophyte 
and gametophyte. 

Gametophyte and spoiophyte may be alike in vegetative structural* 
or fhe two may be markedly unlike (Fig 123). Usually one pannot be 
certain concerning the Miiiilarity or dissimilarity of the two generajjig^ps 
until a genus has been studied in contxolled culture If any plant brought 
into the laboratory bears unilocular sporangia, one may be cej^j^ that 
it is a sporophyte. The same cannot be said for any brown alga bearing 
only “plurilocular sporangia,” sinqe these may be gametangia borne ^pon 
a gametophyte or neutral sporangia boine upon a sporophyte. 

Some Phaeophyta have a life cycle in which •{here is an obligatory 
alternation of gametophyte and sporophyte. Both generations may be 

e 

» Kylin, 1917. * Taylor, 1928 • Overton, 1913. 

♦ Sauvageau, 1915 ‘ Kjdni, 1933 
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annual plants, both may be perennial, or one may be annual and the 
other perennial. Many Phaeophyta have the regular alternation of 
sporophyte and gametophyte complicated by a reduplication of the 
sporophyte by means of neutral spores. Production of neutral sporangia 
is generally accompanied by a reduction in the number of unilocular 
sporangia. Sometimes there is a complete suppression of unilocular 
sporangia. Reduplication of the sporophyte by means of neutral spores 
may be seasonal, as in Ectocarpus stliculosus Dillw. (page 2.33), or it may 
continue throughout the year. The life cycle in these genera producing 
only* neutral sp>orcs is merely a'Succession of sporophytic generations. 

The life cycle may be further complicated by reproduction at a state 
when the thallus is a small plantlet. In certain cases the plantlcts are 
evidently juvenile and either a gametophytie protonema^ or a sporophytic 
diplonema.^ Reproduction of protonemata and diplonemata is always 
vegetative. Other Phaeophyta produce dwarf stages (plethi/smothalUy 
with reproductive organs, either unilocular or neutral sporangia. | .Plc- 
thysmothalli of mo.st. if not all, brovin algae are developed durii^ the 
winter. There are certain .structural difTerene('s between tlie plethysmo- 
tjiallus and the juvenile stage (diplonema) of an adult sjjorophyte. 
These are not wholly due to growth responses to a decrease in tempera- 
ture and illumination because, as in Lcaihesta,* chromatophore.s in cells 
of diplonemata and plethysmothalli may differ in number and in struc- 
ture. Germinating neutral spores from a plethysmothallus may develop 
into a typical sporophyte or into another plethysmothallus.* Thus the 
plethysmothallus is really an intercalated third type of generation in the 
life cycle. • 

Many Phaeophyta with alternating sporophytes and gametophytes 
have one or more of the accessory methods of reproduction mentioned 
above. The gametophyte may be reduplicated either by vegetative 
multiplication or by a parthenogenetic germination of gametes. The 
zygote may develop into a plethysmothallus or into a typical sporophyte. 
A plethysmothallus may produce either neutral spores or zoospores;' the 
former germii^^ng to form either plethysmothalli or typical sporo- 
phytes, the lattei/ germinating to form gametophytes. Sporophytps 
may be reduplicated 1^ neutral spores, by gametic union of zoospores, 
or by vegetative multiplication at diplonemata! or at adult stages. 411 
of the foregoing are theoretically possible in the life cycle of a single 
species, but as yet no such species is known. 

The Fucales have a life cycle in which there is an alternation of a 
Sporophytic generation with a one-cclled haploid phase. Many phycol- 

* 8^y]iii, 1933. * Sauvageau, 1028. ’ Hygen, 1934. 

*Sa«vageau, 1032. • Sauvageau, 1032, 1033. 
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ogists accept the hypothesis^ that the nuclear generations subsequent to 
meiosis in micro- and macrosporangia are the equivalent of a gameto- 
phytic generation. However, this overlooks the fact that Phaeophyta 
with a true gametophytic generation have similar nuclear generations 
following meiosis in their unilocular sporangia. 

* Origin and Evolution of Phaeophyta. The fundamental metabolic 
features of brown algae are so distinctive that they do not appear to be 
related to, or derived from, other algae. It is very probable that the 
Phaeophyta are a series of considerable antiquity, but undoubted fossil 
members of the division have not been lound earlier than the Triassic.* 
The universal presence of motile reproductive cells among Phaeophyta 
indicates that they arose* from- a unicellular flagellated ancestor. Certain 


Fueales 



Fig. 124 .- -Diagram showing the suggested intei relationships among the Phaeophyta. 

of the present-day fresh-water flagellated organisms with brown chroma- 
tophorcs were at one time thought to be analogous to ancestors of the 
brown algae, but all of them are now placed in another algal series — the 
Chrysophyta. All of the present-day Phaeophyta are multicellular, 
and there are no known connecting links with the hypothetical unicellular 
flagellated ancestors. One explanation for this absence of ^primitive 
brown algae is that they were evolved in the ocean at a time when it 
was much less saline than at present, and that there was a dying off of 
the more primitive forms as the salinity of the ocean increased. How- 
ever, this plausible suggestion fails to explain why there was not a migra- 
tion of them from the fresh-water ocean to inland fresh waters oj the 
early land masses. 

There is good reason for believing that two divergent series were 
established early in evolution of the Phaeophyta; one with an alternation 

1 Strasburger, 1906. * Pia, 1927. 
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of similar gametophytes and sporophytes, the other with an alternation 
of dissimilar generations (Fig. 124), In both series there was a progres- 
sive evolution from isogamy to oogamy, and in both of them the thallus 
structure became increasingly complex. 

The relationships of the Fucalcs to other brown algae are obscure. 
It has been held* that they are a series independent from those Phaeo- 
phyta with an alternating sporophyte and gametophyte. If the Fucales 
are an independently evolved series, one would expect that there would 
also be simpler Phaeophyta with a fueaceotis type of life cycle. Since 
there are no such forms, it seems more probable that the Fucalcs arose by 
a dropping out of the gametophyte generation in a complex hetero- 
sporous brown alga with tw'o alternating generations. There is nothing 
to indicate whether this hypothetical ancestor had similar or dissimilar 
alternating generations^ 

Classification. Before 1922 all systems for classification of Phaeo- 
phyta were based upon structure and the method of reproduction. 
That year one was proposed^ which took life cycles into account, but the 
data for an adequate classification were then insufficient. Sufficient 
data have now accumulated to classify the major .senes of Phaeophyta 
solely on the basis of the life cycle ' According to such a basis the 
Phaeophyta fall into the following three classe.‘«; 

Isogeneraiae in which there is an alternation of tw o similar generations 

Heterogeneratae in which there is an altemation of two dissimilar 
generations. 

Cyclosporeae in which there i^ only a diploid generation^ 


CLASS 1. ISOGENERATAE 

The Isogencratae have a life cycle with two alternating generations 
that are identical in vegetative structure. Growth of the thallus may be 
trichothallic, intercalary, or strictly apical. Thalli may be amorphous or 
of definite form and with or without an internal differentiation. The 
sporophytic generation may produce zoospores, aplanospores, or neutral 
spores. Sexual reproduction of the gametophyte may be isogamous, 
anisogamous, or oogamous. 

The class is divided into five orders differing from one another in 
vegetative structure, method of growth, and structure of reproductive 
cells. 


ORDER 1. ECTOCARPALES 


The Ectocarpales have a branched filamento^ thallus in which growth 
19 trichothallic. Reproductive organs may be borne singly or in a uni- 


» Kylin, 1933. * Taylor, 1922. * Kylin, 1938? Taylor, 1936* 
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seriate row. Those of the sporophyte produce either zoospores or 
neutral spores, and those of the gametophyte produce isogametes. 

Systems of classification based wholly upon structure and method of 
reproduction refer many genera to the Ectocarpalcs. When, as here, 
the order is restricted to triehothallic filamentous Phaeophyta \^ith a 
known or suspected alternation of similar geuoratious, it does not include 
more than four or five genera, all placed in a single family — the 
Ectocarpaccac. 

The type genus, EctocarpuSy is world wide in distribution and contains 
many species. The genus is a common one along the Atlantic Coast of 
this country, and certain species grow in abundance upon Fucaceae of the 
upper littoral zone. It is a S(*arcer genus along the Pacific Coast, where 
most of the species grow upon Laminariales. 

The thallus is sparingly to profu'-^ly bran(‘hed, with the cells joined 
end to end in a single series (Fig. 125^). It i^ differentiated into a 
prostrate attached poition and an erect portion. The prostrate portion 
is irregularly and more or less profusc'ly biamhed; the eiect portion is a 
branched tuft in which the ultimate branchlets are generally attenuated 
to an acute point. Iji some species the older portions of major branches 
are ensheathed (corticated) by a layer of descending rhizoidal branches. 
Cells of Ectocarpus are uninucleate and either with a few band-shaped 
chromatophores of iricgular outline or with many small disk-shaped 
chromatophores. 

Re production Ls by me,uis of biflagollate zooids produced^ wdthin 
unilocular reproductive organs or within pliuilocular ones. These are 
usually borne terminally and singly on lateral braiichlets, but in rare 
cases they are borne seriately. 

Development of a umloculai sporangium begins with an enlargement 
of the terminal cell of a short lateral bramdilet The young sporangium 
becomes ollipboi<lal and onlaiges to scveial tiuiCb ith Original SiZfi, With 
a considerable increase in the number of chromatopliiires. The single 
nucleus within a young sporangium divides, its daughter nuclei divide, 
and simultaneous division of their daughter nuchd continues until there 
are 32 or 64 nuclei. Division of the original nuchms is roductional and 
that of the daughter nuclei is equational. When iiui4ear division ceases, 
there is a cleavage into uninucleate protoplasts, each with a single chromsir 
tophore. Each protoplast is then metamorpho'-ed into a ’Pyriform zoo- 
spore, in which the longer of the tw’o laterally inserted flagella is directed 
forward and the shorter is directed backward. The zoospores are 
eictruded en masse through a small opening at the distal end of the 
sporangial wall. Indiviffiial zoospores of the extruded mass remain 
quiescent for from 30 to 60 seconds: then they become motile and swim 
freely in all directions. After zoospoies have been discharged from a 
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sporangium, there may be a proliferation of a new sporangium within the 
old sporangial wall. 

Plurilocular reproductive organs, whether gametangia or neutral 
sporangia, also develop from the terminal cell of a lateral branchlet. 
Repeated transverse division of this cell produces a vertical row of 6 to 
12 cells (Fig. 125D-F), Beginning with median members of the row. 



Fig. 126 . — Ectocarpua cylindricus Saundors. A, thallus with unilocular sporangia, 
portion of thallus with neutral sporangia. C, portion of a thallus bearing both unilocular 
and neutral sporangia. E. acutua Sctchcll and Gardner. D /, stages in dovclopmcnt 

of neutral sporangia. J, liberation of neutral spores Kt E ailiculoaua (Dillw ) Lyngb. 
gametic union. (K After Kuckuck, {A-C, X 120; D-J^ X 660; iC, X 000.) 

there is then a vertical division of all cells (Fig. 125G-H). Kepeated 
vertical and transverse division continues until there arc several hundred 
small cubical cells arranged in 20 to 40 transverse tiers (Fig. 126/). The 
protoplast of each cell is then metamorphosed into a single biflagellate 
zooid. Liberation of the zooids is gradual anej^is through a terminal or a 
lateral pore. Zooids just beneath the pore escape in an irregular mass; 
those more remote from it move out in a single file and in an orderly pro- 
cession (Fig. 125J). 
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Reproduction has been most thoroughly investigated in E. siliculosus 
Dillw. The nature of zooids from plurilocular organs of this species 
was long a matter of dispute among European phycologists, since those 
studying plants from Mediterranean waters repeatedly found gametic 
union and those studying plants from North European waters never 
found it. These discrepancies have been reconciled within the past 
decade by studies following development from zooid to mature fruiting 
plant in controlled culture and by studies on the nuclear cycle. All 
cytological investigations of the species' show that diploid plants with 
unilocular and plurilocular sporangia have a reduction division in the 



Fia 12f) — Diagrim showmg variations in tho life cyde of Ectocarjmt% Cells containing 
diploid uucliM are outlined vvith a Iumw line 


former and none in the latter. Diploid zooids from neutral (pluriloc- 
ular) sporangia germinate to form sporophytes which bear either uni- 
locular or neutral sporangia.* Zoospores from unilocular s]>orangia 
develop into gametophytes who.se gametes may either unite in pairs or 
develop partheuogenetically into new gametophytes.® Germination of 
a zygote produces a new sporophyte. A gametic pairing of zoospores 
from unilocular sporangia has also been recorded,* but nothing is known 
concerning further development of this fusion product. Thus, in_addi- 
tion to a regular alternation of generations, E. sihculosus may havp a 
reduplieation of either generation (Fig. 126). Reduplication of the 
sporophyte is by moans of neutral spores and possibly by a gametic union 

« 

‘ Knight, 1029; Pappenfuas, 1935; fichuhsnig and Kothbauor, 1934. 

* Knight, 1929; Kyhn, 1933; Pappenfuas, 1935. • Pappenfuss, 1935. 

* Knight, 1929; Schussmg and Kothbauor, 1934. 
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of zoospores; that of the gainetophyte is by a parthenogcnctic germination 
of gametes. 

Environmental conditions, possibly temperature or duration and 
intensity of illumination, have a direct effect on the life cycle of E. stlicu- 
losus. Plants growing in Swedish ‘ and British^ waters are exclusively 
sporophytic, and there does not seem to be a <lcvelopment of the alternate 
gametophyte even when unilocular sporangia produce haploid zoospores 
in abundance. In Mediterranean waters near Naples the plants have 
been reporte<l* as exclusively gametophytie, but ^porophytes have been 
found* in this region. There seems to be a regular formation of zygotes 
from gametes of the Naples plants but only an occasional development of 
sporophytes from the zygotes. In this country, both gametophytes and 
sporophytes have been found in abundance at Woods Hole, Massachu- 



Fig. 127 — Pylatdla Gardneri Collins. A, upper portion of a thallus B, vcKctativo rolls 
C, noutral sporangia before and after liberation ol spores (A, X 120, B ( , X 4S,> ) 

setts.** The sporophytes grow throughout the year and upon hcvoral 
hosts. Neutral sporangia arc present at all seahoiis, and uniloeulai 
sporangia during the summer months only. The gamt'tophyfes grow 
upon a single host (Chordaria) and have been found in fruit from mid- 
summer to early fall. However, the available data are too fragmentary 
to justify any conclusions eoneeriiing the length of the gametophyte’s 
fruiting period. Both the Woods Hole and the Naples plants are 
hcterothallic. 

Pylaiella is the only other thoroughly investigated genus of the 
Ectooar[)ales. The commonest species along the Atlantic Coast is 
P, httoralis (I^.) Kjellm., which is epiphytic on various Fucaoeae; that 
along the Pacific Coast is P. Gardneri Collins (Fig. 127), epiphytic upon 
the sea palm (Pohtelsia). The thallus of Pylaiella is differentiated into a 
prostrate and an erect portion, but ^hc latter may be very sparingly 
branched. The genus differs from Ectocarpus in that reproductive 
organs, both uni- and plurilocular, are borne In intercalary scries. 

I Kylin, 1933 » Knight, 1929. 

* Schussnig and Kothbaucr, 1934. ^ Pappenfuss, 1935. 
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P . Uttoralis has an alternation of generations and one in which the 
number of chromosomes is halved^ when zoospores arc formed within 
the unilocular sporangia. In England^ the two generations usually 
grow ui)on different Fucaceae; the gfimetophyte upon Ascophyllum and 
the sporophyte upon Fveus. In addition to an alternation of generations, 
P. Uttoralis may have the sporophyte reduplicated by neutral spores. 

The sporophytes seem to l)e perennials whi(*h produce unilocular 
sporangia throughout llie year.^ The gainetophytcs seem to be annuals, 
which develop to maturity, fruit, and die during the spring and summer. 
This indicates that there is but little germination of haploid zoospores 
liberated during autumn and \\ inter. 

ORDER 2. SPHACEr.ARlALKS 

Growth of thalli of Sphacclariales is initialed by a single large apical 
cell. The two generations are alike in vegetative structure and have 
their cells regularly arrang(‘d in transverse tiers. The sporophyte may 
produce haploid zoospor(\s or dii)loid neutral spores; gametes produced 
by the gauictophyte may be isogamous or anisogamous. 

The Older included some 10 genera and 60 species. These are divided 
into thrc'e fainilhs. Th(' order is a natural one whose members are 
easily distinguishable from other Phaeophyta on account of their poly- 
siphonous organizafion, in which the cells are vertically elongated and 
regularly arranged in trausv(‘rse tiers. 

The type g(Mius, Sphaedaria, is a rather rare alga along both the 
Atlantic and Pacific coasts of Ihis country. It grows attached to rocks 
or to other algae by means of a small, more or less disk-shaped holdfast. 
One or more freeV branched shoots arise from the holdfast. Each 
branch t('rminat('s in a conspicuous, uninucleate, cylindrical, apical cell 
(Fig. 128A). Division of the apical cell is always transverse. Deriva- 
tives two to four cells posterior to an apic al cell divide and redivide in a 
vertical plane to form a transverse tier of 4 to 20 vertically elongate cells. 
Branching of a shoot is due to an enlargement of a cell in the polysiphon- 
ous portitm and to its functioning as an apical cell. Some species have ^ 
multicellular hairs in which the cells are arranged in a single row (Fig. 
128/?). Initials developing into hairs are formed by an asymmetrical 
diagonal division of the apical cell.^ Vegetative cells of Sphacelaria 
contain a single large nucleus and many small disciform chromatophores. 

Many species rci)roduce vegetatively by means of propagula, ^ Sind 
at certain seasons of the year they are the only means of multiplication. 
Development of a propajjilum (Fig. 128I>-(?) begins in the same manner 
as that of a lateral branch, but, after it has become a few cells long, 

1 Daniman. 1930; Knight. 1923. * Knight, 1923, 

» Kylin, 1933. * Sauvageaii. 1900-1901 
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there is a vertical division of the apical cell into two or three daughter 
cells. • Each daughter cell is the initial of a branch. The bi- or trira- 
diate branch system at the apex of a propagulum may remain short and 
massive, or become long and slender. Eventually there is an abscission 



Fig. 128. — A, npex of thallus of Sphacelaria calif ornira Sau^. B -G, S. radicans (Dillw.) 
Harv. hairs. C, unilocular sporangium. D-G, stages in development of propaguLa. 
(A, DG, X 100; B, X 215; C, X 325.) 


of the propagulum at the point where it is attached to the thallus. It 
floats away, lodges upon a favorable substratum, and there develops 
into a new thallus. 

Zooids may be produced within unilocular 8t plurilocular reproductive 
organs. Sphacelaria^ and certain other genera^ of the order are known 

^ Clint, 1927. > Higgins, 1931; Knight, 1929; Mathias, 1935.d. 
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to hav^e a reduction division of the nucleus within a young unilocular 
sporangium (Fig. 128C). Mature unilocular sporangia of S, bipinnatus 
Sauv. contain more than 200 zoospores,’ preseumably 256. They are 
discharged through an apical pore in the sporangial wall from which they 
swim away individually soon after liberation. Gemilings from zoospores 
have been grown in culture,^ but none of them have developed into mature 
garnetophytes. Sporophytes with unilocular sporangia may also bear 
neutral sporangia.’ From what is known concerning the neutral spores 
of other Phaeophyta, there is no doubt but that those of Sphacelaria are 
diploid and develop directly into new sporophytes. 

The gametoi)hytes produce many-celled gametangia. Some species 
are i&ogamous, othcTs are anisogamous* and have male gametangia dis- 
tinguishable from female onc'^j on account of tlu^ir smaller cells. Game- 
tangia may be solid,’ as in Ectocarpus, or ^hey may be elongate, hollow,^ 
multicellular sacs, one cell ip thickness.^ Liberation of gametes differs 
from that of Ei U)carpus in that a por(‘ is formed by each cell of the game- 
tangium, and there is a simultaneous instead of a gradual liberation of 
the gametes.’ Gametic union of the isogamous aS. bipinnata takes place 
while both gametes aVe actively motile and prodii(‘es a quadriflagellatc 
zygote that may continue s\\ arming lor se\eral hours.’ Although not 
confirmed by groAvth in controlled culture, then^ is litth' doubt but that 
Uphacchina and oilier numibers of the order have an alternation of 
generations and a life cycle in which the sporophyte may be reduplicated 
by neutral spores. 


OllDEIl 3. TILOPTKRI DALES 

Thalli of Tilopteridales are freely branclu'd aiul with a trichothallic 
mode of growth. Upper portions of them are ErtocarpusAik^ with the 
cells joined end to end in a single row {vwnosiphonous) ; lower portions 
are generally SphacelariaAike w^’th the cells in transverse tiers {poly- 
siphonoufi). The available evidence, although incomplete, indicates 
that there is an alternation of similar generations. The si^orophyte 
produces unilocular sporangia, each containing a single quadrinucleate 
aplanospore. The gametophyte seems to be oogamous. 

The order includes about 5 genera and 10 species. 

Haplospora, with the single species H. globosa Kjellm., is known from 
England and the Scandinavian Peninsula. It has a freely and alternately 
branched thallus^ in which the upper portion is monosiphonous and the 
lower portion polysiphon^s (Fig. 129). Cells of both the mono- and 

1 Pappenfuss, 1934. * Clint, 1927; Pappenfuss, 1934. 

« Pappenfuss, 1934; Sauvageau, 1900-1904. * Sauvageau, 1900-1904. 

® Brrbner, 1890; Reinkc, 1889. 
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polysiphonous portions contain many small disciform ohromatophores. 
The thallus is attached to the substratum by means of rhizoids. 

Reproduction is by means of large quadrinucleate aplanospores 
(monoapores) formed singly within globose sporangia borne terminally 
on short lateral branchlets. The demonstration^ of a reduction division 
when the four nuclei are formed within a sporangium shows that the 
plant bearing sporangia iws a sporophyte. Sporangia of H, globosa are 
homologous with unilocular sporangia of other Phaeophyta, but they are 
of a unique type in that there is not a cleavage of the quadrinucleate 



Fig. 129 — Haplospota glohoaa Kjellm. A B, upper and lower portions of a Ramoto- 
phyte. C-/>, upijor aud lo^^er portions of a sporophyte. E, upper portion of a sporophyte 
i)caring both unilocular and neutral spoiangia. {Aftfr Brebncr^ 1896.) (A-C, X 100; 

D~E, X75) 


protoplast into uninucleate spores (Fig. 130D). The monospore escapes 
through a laige ])on‘ at the distal end of the sporangial wall.'^ A germi- 
nating spore sends forth a long germ tub(», and then it divides .into 
uninucleate cells.'* 

The alga known as Scaphoapora speciosa Kjellm. (Fig. 129A) is vegeta- 
tively identical with H. globosa. It beais two kinds of reproductive 
organs; an intercalary unicellular organ producing a single large^ 
uninucleate, nonflagcllated, aplanospore-like body (Fig. 130C), and an 
intercalary multicellular organ in which ejeh cell produces a single 
biflagellate zooid (Fig. 130R). Gametic union of the zooid and the 

^ Nienburg, 1923; Dainmaim, 1930. 

’ Reinke, 1889. ^ Nionburg, 1923. 
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nonflagellated body has not been demonstrated, but there is a strong pre- 
sumption that the two are, lespectively, an antherozoid and an egg. 

Several phycologists^ hold that Haplospora glcbosa and Scaphospora 
spedoia are alternate generations of the same species, and they call that 
species U. globosa because this name has priority. One reasmi for 
considering “ Scaphosphora" the gainetophyte of Hnphspora is the 
identity of their vegetative structures. A stronger reason is the occa- 
sional production of the Scaphospora-iy[yo of reproductive organs upon 
thalli of IJaplospora (Fig. 129^0- In addition to terminal unilocular 
sporangia with quadrinuclcate protoplasts, the .sporophyte of Haphspora 
may bear intercalary, one-celled, uninucleate organs* comparable to 
oogonia of Scaphospora, or it may bear ])oth kinds of Scaphospora organs.* 
The iScopAospora-like oigans upon sporophytes of Haplospora have been 



Fig. 130 — Havlos pora glohosa K^oWm anHioruliuin anthoiozoui C, oogonium 
D, umlocultir sporiuguim {AJttr Rein! #, l'<S9 ) X 150, X bOO, C—Dt X 300) 


i-alled “anthoridia” and “oogonia,”'' but it lb UlUCh HlOre probable that 
their nuclei aie diploid and Hut their homologies lie with neutral sporan- 
gia of other Phaeophyta. According to their structure, neutral sporangia 
of Uaplob.pora produce a single laige neutral aplauospore or many small 
neutral zoospores. 


, ORDER 4. CUTLKRIALES 

. The Cutleiiales have a flattened, blade- or disk-like thallus in which 
growth is entirely or partially trichothajljc The sporophytes produce 
unilocular sporangia only. The gametophytes are heterothallic and 
markedly anisogamous. 

Tliere arc but two genera. One {Zamrdinia) has an alternation of* 
identical generations; the other (CutUria) has an alternation of somewhat 
different ones. However, the two genera bcera clobcly related, because 
they have several distiwetive features in common, including a unique 

» Brcbner, 1896; Kylm, 1917, 1933; Oltmnnns, 1922; Rcinke, 1889. 

» Brebner, 1896; Reuiko, 1889 * Brcbi er, 1896 
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method of trichothallic growth, a unilocular sporangia with a small 
number of large zoospores, and similar anisogamous sex organs. 

( Cutleria is found in the Mediterranean and along the coast of Europe 
where the water is warm. The sporophyte of one species is known from 
Florida and the West Indies. >vThe gametophyte is an erect flattened 
blade with numerous irregular dichotomies (Fig. 131^). growth 
takes place at the upper margin of a blade where there are many erect 
uniseriate hairs. Each hair has an intercalary growing region, and 



Fig, 131. — A, gametophyto of Cvilena mvltijida Grev. B-D, surreBsive transverse 
sections of apex of gamctoi^hyte of C. adsperaa J)eNot (A, after Thurct, m Oltmanns, 
1922; B~D,Jrom Sauvageau^ ldJ9.) {A, X /'ji B-i , X 160, D, X 76.) 


cells posterior to the growing region divide in a vertical plane. Multi- 
seriate portions of the hairs abut on one another and lie compacted in 
a more or le&s homogeneous parenchymatous mass. ' With maturation of 
these cells, there is a differentiation into an epidermis-likc layer one 
or two cells in thickness, an underlying cortex-like layer of much larger 
isodiametric cells, and an axial group of vertically elongate cells (Fig. 
ISIB-D); 

Gametophytes of Cutleria are hcterothallio and have the sox organs 
developing in small or large clusters upon b8th flattened surfaces of 
the thallus. ' 'A superficial epidermal cell may develop directly into a 

* Sauvagoau, 1899. 
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nialc gametangium, or it may develop into a branched hair which bears 
Mveral gametangia (Fig. 1324). A fertile cell first divides transversely 
into a 'primary stalk cell and an antheridial initial. The primary stalk 
cell may remain imdivided, or it may divide transversely to form a 
vertical row or two or more stalk cells. Transverse division of the 
antheridial initial and of its daughter cells produces a row of four or 
five cells. ^Further division may be in a vertical or in a transverse 



Fio. 132 — Cutleria mvllifida Grcv. A, vertical eertion through a male eonu. B, a 
young male gametangium C-D, transverse and vertical sections of empty male game- 
tangia B-H, stages in development of female gametangia 1, an empty female game- 
tangium J, male gametes K, female gamete. (J-K, after Kuekuek, 1029.) (j1, 

X 326, B-I, X 660, J-K, X 600.) 

plane. Division continues' until the fertile portion is 20 or more tiers 
in height and with each tier composed of eight cells (Fig. 132B). The 
protoplast of each cell is then metamorphosed into a biflagellate male 
gamete which escapes through a pore into the free face of the wall enclos- 
ing it (Fig. 132C-D). ' 

The sequence of development in a female gametangium is similar, 
except for the production ^ a much smaller number of cells (Fig. 132J5-J). 
Female gametangia are but four to seven tiers in height, with only fovO: 


* Yamanouohi, 1912. 
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cells in each tier.^ Each female gamete also escapes through a pore 
in the surrounding wall. 

\Froe-swimming male gametes are p 3 niforra and with a single reddish 
chromatophore at the point of flagellar insertion (Fig. 1327). Free- 
swimming female gametes (Fig. \^2K) are also pyriform, but they contain 
a dozen or more ehromatophores.* * At the time of gametic union the 
male gametes are actively motile, and the female are .sluggish or immobile. 
Fusion of the two gamete nuclei follows within a few hours, and the 



Fit. 133 — Cuthria multijida G'let A, vertical sc turn thiough a fertile portion 
of a sporophyte. B, zoospore C-E, ( adspir^a DcNot. (' D young bporophyteb 
Et old Bporophyte (7?, afitr KurkucL, 1800, (-E^ ftom Sauvj^cauj 1800) (A, X 335, 

B. X 650; C. X 100; D, X 76; B, X 9) 

zygote begiiih to develop into a sporophyte within a day.^ Unfertilized 
female gametes develop parthenogenetically into gametophytes. 

The sporophjde of Culleria was first de»tribcd as a separate genus 
(Aglazonia). Although germlings from zygotes of Cutleria and from 
zoospores of Aglozonia have not been grown to maturity in cidture, they 
have been grown to a sufficiently advanced stage to show* that tho 
two are alternate gtCterations of each othcrCl 'At first, growth of a 
young sporophyte is trichothallic and vertically upward into a columnar 
structure (Fig. 133C). Upward growth ceases when the plant is about 
10 days old, and all further growth is latcrafify outward from the base 

’ Yamanouchi, 1912. * Kuckuck, 1929; Yamanouchi, 1912. 

* Falkenburg, 1870; Church, 1898; Sauvageau, 1899; Yamanouchi, 1912 
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of the column. Repeated cell division at the base of the column pro- 
duces a flat, disk-like tissue^ which expands laterally as a result of division 
and redi vision of the marginal cellb (Fig. 133D-E).y The sporophyte is 
homologous with a minute gametophyte subtended by an extraordinarily 
enlarged, fertile holdfast. The prostrate holdfast'^ of the sporophytp, 
which ♦constitutes almost all the thallus, Ls several cells in thickness and 
has the outermost cells differentiated into an epidermis-like layer. 
It is attached to the substratum by numerous multicellular rhizoids 
growing out from ventral epidermal cells. 

The unilocular sporangia ai(‘ arranged in a palisade-like manner 
in sori l)orne upon the dorsal suiface of a lhallus (Fig. 133>l). Each 
sporangium is developed from a single epidermal cell. This fertile 
cell divides transveiscly into a primary stalk cell and a sporangial 
initial. The primaiy stalk cell may remain undivided, or it may divide 
to form as many as si\ stalk c(‘lls; the spoiangial initial develops directly 
into a siiorangiuin. Th(' single nuckms of the initial divides reduc- 
tionally,^ and simultaneous nuclear division continues until there are 8, 
16, or 32 uucl(»i. There is tium a el(sa\age into uninucleate protoplasts) 

I each of Avhidi is n)^‘1 ainoi phosed into a huge pyriform, biflagcllate 
zoo'-poie 'Nvith scAcial chiomatophores (Fig. 133B). The zoospores 
('sea])e thiough a lai ge a])i( al iioie in the sporangial wall. After swarming 
10 to 90 minutes, tlay lx come (piiesf^ent, lound up, and secrete a wall. 
This cell dhides and iedj\idc‘s to foim a tyiiieid young gametophyte.* 

The longevity o( the t\^o geneiatioiis has been followed at Plymouth, 
England,* and at Na])l('s * The sporophjde is perennial and fruits 
in winter or spring. 'J'he trametophyte is a spring annual which dis- 
appcaib during the summer. 

ORDER 5. D[CTYOT.\I.ES 

The Diet yol ales have an erect, flattened, parenchymatous thallus 
in which gro\Ath is initiated by a single apical cell or by a marginal 
row of apical cells. Both generations are identical. Unilocular spor- 
angia of the spoiophyte each produce four or eight large aplanospores. 
The gainetophyles arc ougamous. 

There are some 18 genera and 100 species. The Dictyotalos are 
characteristic ol temperate and tropical seas but occur in greatest 
abundance in the warmer waters of the tropics. On the Atlantic Co^t 
of the United States, Dictyotalcb are found from Beaufort, North 
Carolina, southward; on the Pacific Coast they range southward from 
Santa Barbara, California# 

1 Sauvageau, 1899; Yaniauouchi, 1912. * Yamanouchi, 1912. 

» Church, 1898. ‘ Punk, 1927. 
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The Dictyotales are frequently considered quite distinct from other 
Phaeophyta because the diploid asexual generation produces non- 
flagellated spores. In Didyota and most other genera the spores are 
produced in fours. Because of this, they are sometimes called tetraspores. 
This name'*tBnmisleading, both because it implies a relationship with 
tetraspore-forming Rhodophyccae and because it obscures the fact that 
sporangia of Dictyotales are in reality unilocular sporangia. The eight- 
spored sporangium of Zonana (Fig. 135G0 is evidently a unilocular 



Fig 134 — Zonatm Farlowii Setohell and Gardner female gametophyte thallus 
apex in vertical section {A, X X 325 ) 

sporangium. The lack of flagella, although stnkmg, is not a matter of 
deep significance. The homologies between autheridia of Dictyotales 
and typical gametangia of other Phaeophyta are obvious. So, also, 
are those between oogonia and t 3 q>ical gamctdngia, if the oogonium is 
interpreted as a many-celled gametangium which does not develop 
beyond the one-celled stage. 

Zonaria is found along both shores of this country. Its gametophyte 
and sporophyte are identical in appearance and distinguishable from 
each other only when in fruit. The thallus dl Z. Farlomi Setchell and 
Gardner, a Pacific Coast species, is fan-shaped, 8 to 15 cm. in height, 
and grows attached to rocks by a disk-shaped holdfast (Fig. 134A) The 
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erect portion is differentiated into a vertical stalk and numerous flattened 
blades, all in approximately the same piano. Growth of the thallus 
is at the upper margin and is due to a continuous marginal row of apical 
cells. Branching of the blades results from the death of a few adjoining 
apical cells and a continuation of growth by apical cells lateral to them. 

There is usually a simultaneous transverse division of all apical 
cells of a blade segment. Each derivative cut off from an apical cell 
divides vertically and in a plane parallel to the thallus surface.^ The 
first two divisions cut off a flat, primary, epidermal initial toward either 
face of the thallus (Fig. 134iJ). An epidermal initial usually divides 
anticlinally to form four quadrately disposed epidermal cells, each 
containing many small disciform chromatophores. Meanwhile the 
large central cell divides and redivides vertically in -the same plane 
to form six daughter cells. Thus, as a rule, mature portions of a thallus 
are eight cells in thickness. Now and then all epidermal cells in a 
transverse belt equidistant from the thallus margin develop into mul- 
ticellular unbranched hairs. 'I'tose hairs persist for a long time and lie in 
parallel transverse rows across one or both sides of the thallus. 

Reproductive org(},n.s, both st'xual and asexual, are produced in 
irregular sori which lie between the transverse bauds of hairs (Fig. 134A). 
Both generations of Z. Farlowit arc pi'rennials and both fruit at all 
seasons of the year. However, there are indications' that reproduction, 
especially of the sporophyte, is cyclic instead of continuous and that it 
occurs twice each lunar month and during the spring tides. 

The gametophytes are heterothallic. Each antheridium in a sorus 
of a male plant is developed from a superficial thallus cell a short dis- 
tance back from the apex. This cell divides transversely into a primary 
stalk cell, which does not divide, and into an antheridial initial (Fig. 
135A). The antheridial initial divides transversely to form a filament 
of four or five cells, after which division is both vertical and transverse. 
The end product of these divi.sions is an antheridium 20 to 40 tiers in 
height and one with 8 or 16 small cubical cells in each tier (Fig. 135B). 
Upon the cessation of cell division, there is a rounding up of the proto- 
plasts and a gelatinization of the walls between them. As a result,' 
the entire sorus becomes a gelatinous matrix in which there are numerous 
irregularly distributed, rounded protoplasts (Fig. 135C). There is then 
a metamorphosis of the protoplasts into antherozoids. The strueture of 
anthcrozoids of Zonaria is unknown, but those of Dictyota have bfen 
found* to be pyriform and with one (?) laterally inserted flagellum. 

Oogonial sori differ from antheridial sori in that only certain super- 
ficial cells of a fertile regidh develop into sex organs (Fig. 136Z)). Each 
fertile cell elongates vertically and then divides transversely into a 

' Haupt, 1932. * Williams, 1904A. 
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primary ^talk cell and a primary oogonial cell, neither of which divide. 
The primary oogonial cell mcieases greatly in size and becomes a large 
oogonium that contains a single egg (Fig. 185J5). Eventually there is a 
gelatinization of the oogonial wall ^ Liberation of eggs has not been 
observed in Zonana, but there is eveiy reason for supposing it similar 



E 


Fio 135 — Zonana Farlowii Sctcholl and Gardner A C, vertical secLioiis of male son 
with antheridia at 'various st i|;es of de%olopiuent />, vtrfiral section thiou^h a portion 
of a young female sorus mature oogonium F \ortir il sovt ion through a portion of a 
young sorus ot a sporophyle Cr , mature unilocular spor ingium ( X 325 ) 

to that of Didyota,^ wheie the eggs escape fiora the gelatinous matrix 
and are fertilized while floating about in the water. 

Sori of the sporophyte have certain of the superficial cells developing 
into sporangia and the remaining ones developing into sterile hairs 
iparaphysts) four to six cells long (Fig. 136F). Sporangial development 
from a fertile cell is direct and without any formation of a stalk cell. 
The sporangium enlarges to many times ilg original size Its single 
nucleus divides reductionally/ and each of the four haploid nuclei 

» Haupt, 1932 » Williams, 1904^1. 








PHAEOPHYTA 


247 


divides equationally. There is then a cleavage of the octonucleate 
protoplast into eight large uninucleate aplanospores (Fig. 136Cr) which 
are liberated by a rupture of the sporangia! wall. 

CLASS 2. HETEROGENERATAE 

The Heterogeneratae have a life cycle in which the two alternating 
generations are unlike in vegetative structure. The sporophyte is 
always the larger of the two, and -it is generally of macroscopic size 
and definite form. The gametophyte is microscopic. In fact, knowledge 
concerning the gametophytes of all members of the class has only been 
obtained by growing them in cultuics started with zoospores from 
unilocular sporangia. Sporophytes of Heterogeneratae may produce 
either zoospores or neutral spores. Reproduction of the gametophyte 
may be isogamous or oogamous. 

According to vegetative stnicture of the sporophyte, the Hetero- 
generatae are divided into the two following subclasses: 

Haploshchtneac in which growth is tri'*hothallic and in which the 
thallus is built up of one or more filaments and their branches. 

Polystickineae in which growth is not ti idiot hal lie and in which longi- 
tudinal and transverse intercalary cell division produces a parenchyma- 
tous thallus. 

Possibly, for reasons to be given on a later page (page 255), this 
segregation into Haplostichineae and Polystichineae is artificial and 
not natural. 


SUBCLASS 1. HAPLOSTICHINEAE 

Sporophytes of Haplostichineae are trichothallic and composed of 
filaments T\hich may be free from one another, interwoven with one 
another, or so densely compacted that the thallus seems to be paren- 
chymatous. A sporophyte may produce either zoospores or neutral 
spores. The gametophytes are always microscopic and either isoga- 
mous or oogamous. 

The subclass is divided^ into three orders. 

ORDER 1. CHORDARIAI.es 

The Chordariales include those Haplostichineae in which the branched 
filamentous sporophyte is not markedly compacted into a pseudo- 
parenchymatous thallus. Thus far, all known gametophytes are 
isogamous. c 

The order includes at least three families*^ Those who classify 
Phaeophyta according to the structure of reproductive organs place all* 
or most* of the ChordaridScs in the Ectocarpales. 

^ Kyhn, 1933; Taylor, 1936. • Oltmanns, 1922. 

* Setchell and Gardner, 1925. 
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Myrionema, a genua with several species, has a minute thallus which 
grows epiphytically upon various other algae. Opinion is divided 
as to whether it is a primitive small plant or a small reduced form of a 
more advanced type. M. strangulans Grev,, the only species that has 
been studied in culture,^ grows epiphytically upon Ulva. It is found 
along both coasts of this country. 

The thallus appears to be a parenchymatous disk when it is viewed 
from above, but in reality it consists of radiately branched horizontal 
filaments laterally apposed to one another. Growth of the horizontal 
filaments is terminal or subterminal. Each cell inward from the growing 
tip cuts off a daughter cell toward its free (upper) surface. Most of the 
daughter cells develop into erect unbranched filaments four to six cells 
tall or into erect unbranched hairs with many more cells (Fig. 136A). 




Fig. 136 . — Myrionema strangulans Grev. A, vertical section through a mature sporo- 
phyte. B, surface view of a young sporophyte. T, gametophyte. {B~C, after Kylin, 
1934.) {A, X 650; B, X 400; C, 375.) 

Other of the daughter cells develop into unilocular or into plurilocular 
reproductive organs. The first reproductive organs formed by the 
thallus are usually plurilocular. They are several cells in height, uni- 
seriate, and with each cell producing a typical zooid. The zooid grows 
into a thallus identical with that producing it (Fig. 1365) and one which 
bears either unilocular or plurilocular organs.^ Thus Myrionema is a spo- 
rophsrtic generation in which there may be a reduplication of the sporophyte 
by neutral spores from multicellular neutral sporangia. 

Old sporophytes usually bear unilocular sporangia only (Fig, IdOA), 
Zoospores from these sporangia germinate to form branched filamentous 
thalli^ in which the branches are free from one another as in Bctocurpus. 
It is thought that the filamentous plants (Fig. 136(7) ape gametophytes, 
but as yet none of them have been grown to a mature fruiting eondition. 
The fact that neutral spores develop into typical Myrionema thalli makes 
it very improbably that the Fclocarpu»-lik^ plants developing from 
zoospores of unilocular sporangia are cultural monstrosities. 


> Kylin, 1034. 
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Leaihesia is another of the Chordariales found along both coasts of 
this country. It is a common alga of the midlittoral zone. L. difformia 
(L.) Aresch, is an annual which appears early in spring, reaches its 
maximum size in midsummer, and begins to 
degenerate early in the fall. Mature thalli are 
irregularly globose, with a much convoluted 
surface, generally hollow at the center, and up to 
8 cm. in diameter (Fig. 137). Solid portions of 
a thallus have a gelatinous fleshy texture. The 
solid portion consists of a radiating mass of di- 
or trichotomously branched filaments, with more 
or less gelatinous material between the branches __ 

(Fig, 138A). The lowermost cells of the branches of JjuUheam amphssima 
(those toward the thallus center) ar^ irregularly Gardner 

cylindrical and colorless. Colls toward the tips ' 

of branches an' progressively smaller. Most of the branches terminate 
in palisade-like branchlets four or five colls long, but here and there they 




Fio. 138 . — LeathesM dtfformti (L ) Aresch. A, vertical section through the outer por- 
tion of a eporophyte B, outer portion of a sporophyte.beanng neutral sporangia. C, 
gametophyte. D, empty gametangia. (C-P, from Dammann, 1930 ) (A, X I29, B, 

X485, C, X 166; P. X430) 


terminate in a cluster of long multicellular hairs. Cells of the palisade- 
like branchlets are the oiffy ones with chromatophores. 

L. difformts may produce either unilocular or plurilocular reproductive 
organs, or both. This shows that it is a sporophyte. Fruiting generally 
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begins with a fonnation of unilocular sporangia. Sooner or later thero 
is a formation of neutral sporangia, and these are frequently the only 
reproductive organs present on old thalli (Fig. 138£). The neutral 
spores are undoubtedly diploid, and it has been shown* that they develop 
into Leathesia plants which bear neutral sporangia. Neutral spores 
may also develop into small MyrionemaAike plants which produce 
neutral sporangia.* These are considered plethysmothalli® rather than 
precociously fruiting thalli. One of the reasons for considering them 
dikinct from juvenile stages of typical thalli is the presence of but one 
chromatophore in each cell, instead of several as in cells of adult plants.^ 

The gametophyte generation (Fig. 138 C-jD) is but imperfectly known. 
Cultures started from zoospores in midsummer contained minute 
branched thalli which remained small and did not fruit until the following 
June.® 

At. that time they produced plurilocular reproductive organs. The 
gametangial nature of these organs was not definitely established because 
liberation of zooids and their fusion were not observed. Within a month 
after fruiting, there was a development of a new crop of microscopic 
plants bearing plurilocular organs. Before the end of December, these 
gave rise successively to six generations, each with plurilocular organs. 
It is not improbable that the first slowly developing generation was a 
gametophyte and the six succeo<ling ones were diploid (plethysmothallie?) 
and reproduced by means of neutral spores. 

ORDER 2. SPORO(mNAl.ES 

The Sporochnales have a sporophyte in which each branch terminates 
in a tuft of hairs. Growth is trichothallic and due to int('rcalary cell 
division at the base of each hair. The unilocular sporangia are usually 
borne terminally and in dense clusters. The gametophyte is microscopic 
and odgamous. 

There are 6 genera and about 25 species. They are found in warm 
and temperate seas, especially in the waters of the Australian region. 
Two species of one genus (Sporochnus) are found on the Atlantic Coast of 
this country from Beaufort, North Carolina, southward.® 

CarpomUra, with some five species, is found along the Atlantic Coast 
of Europe. Its sporophyte, which may be 30 cm. or more in height, is a 
flattened cylinder with several succeasive dichotomous branchings (Fig. 

139A). Each branch has an evident midrib, and at each branch tip 

there is a conspicuous tuft of hairs. Growth of a branch apex is tricho- 
thallic, the mcristematic region being situated in a group of cells at the 
base of the terminal tuft of hairs. The tis^e formed posterior to the 

* Kylin, 1933. ’ Sauvageau, 1925. ’ Sauvageau, 1928, 1932. 

^Sauvageau, 1932. ‘ Dammann, 1930. • Hoyt, 1920; Taylor, 1928. 
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meristem is solidly parenchymatous. It is differentiated into a medul- 
lary region with vertically elongated cells and a cortical region with 
approximately isodiametric cells. 

Sporophytes produce only unilocular sporangia. At the time of 
reproduction there is a development of a miter-like inflation, the recepta- 
cle, immediately below the tuft of hairs terminating a fertile branch 
(Fig. 139B). Many of the superficial receptacular cells develop into 
branched fertile hairs (paraphyses).* The sporangia develop from ter- 



Fig. 139. — Carpomitra cabrerae Kutz. A, upper portion of sporophyte. B, apex of 
sporophyte. Icrtile pdi.iphysis from a bporophyte apex Z), gametophyte. (fitom 
Sauvageau, 1930.) (A, X 3‘i, li, X 15. C. X ISO, D, X 330 ) 


minal cells of a paraphysis. They are ovoid and contain a relatively 
small number of zoospores (Fig. 139C). 

Germinating zoospores'* develop into a uniscriate, sparingly branched, 
filamentous gametophytes (Fig. 139Z)). The antheridia are produced 
at the tips of short lateral branchlets. Their size and shape are much 
the same as in Laminaria. Anthcrozoids tiave nevcf been Observed, 
but the discovery of many empty antheridia upon the gametophyte 
indicate.s that there is a liberation of motile male gametes. The odgonia 
are large, ovoid, and dei^lop from terminal or intercalary cells of the 
main branches. The odgonial nature of the cells interpreted as odgonia 

» Johnson, 1891; Sauvageau, 1926. • Sauvageau, 1926. 
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is not established beyond all doubt because there is neither an extrusion 
of an egg nor a development of a pore in the oogonial wall. Instead, 
there is a direct division and redivision of the oogonial cell to form the 
new sporophyte. This parthenogenetic germination of the egg differs 
from other known cases of parthenogenesis in that the germinating egg 
does not become invested with a wall distinct from the oogonial wall. 

The young sporophyte develops into an erect, unbranched, uniscriate 
filament 20 or more cells tall (Fig. 140 A-B). Following this there is a 
horizontal division of the sixth to eighth cell below the apex. The 



{From Sauvageau, 102G.) {A-B, X 180, C\ X 120.) 


superior daughter cell divides vertically to form initials which develop 
into hairs; the inferior daughter cell divides vertically to form a meristem 
which begins to form tissues similar to those of an adult tballus (Fig. 
140C). Further growth is similar to that at any branch tip of a mature 
sporophyte. 

ORDER 3. DESMARESTIALES 

Thalli of Desmarcstiales have a single filament at each growing apex. 
Posterior to this there is a pseudoparenchymatous cortication of the 
filament to form a thallus of definite macroscopic form. The gameto- 
phyte is microscopic, oogamous, and has the discharged egg remaining 
attached to the oogonial apex. 

The order contains but three genera. 

Deamarestia has two centers of distribution, namely, north Atlantic 
and north Pacific waters as contrasted with Antarctic and adjoining 
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re^ons. There are two or three species along the Atlantic Coast of 
this country and about eight along the Pacific Coast. Most of them 
grow below the low-tide mark. Desmaresha is one of the larger brown 
algae, and certain species, as D, laiisstma Setchcll and Gardner, attain 
a length of more* than 5 meters. Several of the species differ from other 
brown algae in that they accumulate malic acid in abundance; the cell 
sap of certain species growing along the coast of California has a pH of 2. 



Fio 141 — Upper portion of sporophyte of Desmarealm hirbacta (.Turn ) Lamx (nature 

bizc) 

The thallus, the sporophyte, grows attached to rocks by means of 
a disk-like hold'ast. Above this is an axis of variable length and one 
which may be sparingly or profusely branched. The branches of an 
nvia may be subcylindrical or they may be flattened into conspicuous 
blades (Fig. 111). Blades of the largest species along the Pacific Coast 
(i). kdibstma) are sometimes more than 2.5 meteis long and 20 cm. broad. 

The growdng apex of each branch terminates in an axial filament in 
which the cells are joined end to end in a single row. The axial filament 
bears many lateral, unbranchod, umseriate filaments, all in the same plane 
and either in oppoaitc pairs (Fig 142A) or alternate with one another. 
Growth of axial and lateral filaments is due to an intercalary meri&te- 
matic region. The lowermost cells of lateral filaments, three or four 
back from the growing zone of the central axis, send out multicellular 
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rhizoidal outgrovrths that become closely applied to the axial filament. 
Repeated cell division in this ensheathing layer eventually produces a 
corticating tissue several cells in thickness and one in which the super- 
ficial 'Cells may continue division indefinitely (Fig. 142R). There is 
generally a disappearance of lateral filaments along the corticated 



Fig. 142. — A-C, sporophyte of Deamareatia herbacea (Turn.) Lamx. A, surface view 
of growing apex. B, transverse section of corticated portion. C, unilocular sporangium. 
D-Lt D. acvleata (L.) Lamx. D-E, female gametophytcs. F. male gametophyte. G, 
liberation of antherozoid. H-L, early stages in development of sporophytes. 
after Sekreiher, 1932.) (A, X 215; B, X 160; C, X 650.) 

portion of an axial filament, but now and then one of them continues 
growth as an axial filament by sending out lateral filaments and becoming 
corticated. Many of the plants that one collects lack axial filaments at 
their branch apices. This may have been due to an abscission or to an 
accidental breaking off of the filivment. In eit|;er case there is no further 
apical growth of the blade. 

Unilocular sporangia are the only reproductive organs formed by 
a sporophyte. They may be developed from epidermal cells of the 
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corticated portion or from cells of an axial filament or its appendages.^ 
Unilocular sporangia on the corticated portion are of the same size and 
shape as epidermal cells. They lie embedded in the thallus and scattered 
over the entire blade (Fig. 142C). The protoplast of a sporangium 
becomes divided into 25 to 60 (32 or 64?) zoospores, and there is every 
reason for supposing that there is a reduction division of the original 
diploid nucleus. 

The zoospores have two laterally inserted fiagella of unequal length. 
The zoospores swarm for an hour or more, then they lose their flagella, 
come to rest, and secrete a wall. This cell soon sends forth a germ tube, 
and most of the protoplasm migrates into its somewhat swollen tip.* 
The tip becomes partitioned off by a transverse wall, and the cell thus cut 
off develops into a microscopic, sparingly branched gametophyte of 20 
to 40 cells. Vegetative male and female gametophytes may be distin- 
guished from each other because cells of a male plant are about half 
the diameter of those of female ones (Fig. 142F-G). Male gametophytes 
are also composed of more cells and are more freely branched than are 
female gametophytes. Antheridia arc developed in clusters and at the 
tips of lateral branchlhts. Kach antheridium is one-celled, and its proto- 
plast is metamorphosed into a single antherozoid. A female game- 
tophyte may begin to form oogonia at the three- or four-celled stage, 
or it may not begin to form them until it is many-celled (Fig. li2D-E). 
In either case, the oogonia are developed by a vertical enlargement of an 
intercalary cell. An oogonium contains a single large egg which is 
extruded through, but remains attached to, the apex of the oogonial wall. 

Fertilization has not been observed, but it is very probable that it 
does take place. The zygote, assuming that there is a gametic union, 
secretes a wall and elongates vertically.* It divides transversely, and 
repeated division in the same plane produces a long, erect, unbranched 
filament of 15 or more cells which remains attached to the oogonial apex 
(Fig. 142//-/). Lateral branches then grow outward from the upper 
cells of the filament, and rhizoidal branches grow downward from the 
lowermost cells (Fig. 142/C -L). The gametophyte disappears shortly 
after the young sporophyte develops rhizoids. The branched upper 
portion of the sporophyte continues trichothallic growth and soon 
becomes corticated in exactly the same manner as the growing apex of a 
mature plant. 

Gametophytes of Desiharestia and the Laminariales have several 
unique features in common. These include clusters of unicellular 
antheridia, vertically eloqgated intercalary oogonia, attachment of the 
extruded egg to the odgonial apex, and growth of the young sporophyte 
upon the odgonial apex. Because of this, the Demarestiales and Lanu- 

I Johnson, 1801; Kuckuck, 1804. ^ * Sohreiber, 1088. 
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nariales have been thought to be rather closely related to each other. ^ 
If they are related, the segregation of the Heterogeneratae into Haplos- 
tichineae and Polystirhineae is artificial since it makes the Desmarestiales 
and Laminarialcs each the culmination of an independent series. 

SUBCLASS 2. POLYSTICHINEAE 

Sporophytes of Polystichinoae have a parenchymatous thallus 
produced by vertical and transverse division of intercalary cells. A 
sporophyte may produce either zoospores or neutral spores. The 
gametophytes are always microscopic and isogamous, anisogamous, or 
oogamous. 

The subclass is divided^ into three orders. 

ORDER 1. PUNCTARIALES 

The Punctariales are a somewhat ill-defined assemblage in which the 
sporophyte is of medium size, parenchymatous, without marked internal 
differentiation of tissues, and grows by intercalary cell division. The 
reproductive organs may or may not be in definite sori. . Sporophytes 
may produce either zoospores or neutral spores. The gametophytes are 
microscopic and either isogamous or anisogamous. 

The order includes at least three families.** 

Soranthera is the first member of the order known to have an alternate 
microscopic gametophyte.^ It is found only in the Pacific Ocean. There 
is but one species, aS. ulvoidca Post, and Rupr. It grows epiphytically 
upon Rhodoinela and is a common alga of the midlittoral zone along the 
entire Pacific Coast of this country. Mature thalli are subspherical, 
hollow, and up to 7 cm. in diameter (Fig. 143A). The solid portion con- 
sists of a superficial epidermis-like layer of small cells and an underlying 
layer four or five cells in thickness which is composed of much larger 
cells. Chromatophores arc restricted to the superficial cell layer. 

Unilocular sporangia, the only reproductive organs produced by the 
sporophyte, are borne in sori about 1 mm. in diameter. The sort are 
irregularly distributed over the entire surface of the thallus. Soral 
development begins with a periclinal division of ca(*h cell in a future 
fertile area. Repeated transvers^e division of each outer daughter cell 
produces an erect unbranched filament (paraphysis) 10 to 20 cells long. 
Cells toward the exterior of paraphyses are roimded and contain chroma- 
tophores (Fig. 143B). Certain of the inner (Jpughter cells of the original 
epidermal cells cut off a cell which develops into a unilocular sporangium. 
The paraphyses serve as a protective covering for the sporangia during 
the time thalli are exposed by the receded tide! The sporangia discharge 

1 Schreiber, 1932. » Kylin, 1933; Taylor, 1936. 

» Kylin, 1933. < Angst, 1926, 
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eir zoospores m a mass thiough a small pore at the sporangial apex 
hen the thalhis is rc flooded by the ineomiiig tide The zoospores remain 

motionless for a few seconds aftei discharge and then swim freely in all 
directions 

Development of a in.iturc fiuitmg gcinietophyte from a zoospore may 
be completed witlim thue ueeks ^ The gametophyte is an irregularly 
branched J!!ao(a?p?zs-bk( filimcnt of 'SO oi more cells (Fig 143C) The 
gamctangia are boinc at the tips of one - oi two-celled lateial branchlets 



size X 100 C \ JSO ) 

t 

They iic 15 to 20 liois in height ainl with so\oial (tils m each of the 
niedinii tiors G mu tie union is anisogamoiis‘ and with a small active 
male gamete uniting with a litgir, mon sluggish one Development of 
the zygote luto a bpoiophyte has not been btudied e,xpe,rimentally. 

0R1)LK2 DIClYOSIPirONALES 

The Dictyosiphonales ha\ e profusely brane hed cylindrical thalli in 
which giowth IS initiitfd fly a bingle apical cell Mature portions of a 
thallus aie inti mally differentiated into two or into three regions The 

^ Angst, 1920 
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sporophytcs usually pioduce unilocular sporangia only. The game- 
tophytes are microscopic and isogamous. 

There is but one family, the Dtctyosiphonaceae, with some 4 genera 
and 15 species 

Dictyosiphon is found in cold waters along both coasts of this country. 
D, foenicidaceus (Huds ) Grev , the commonest species, is a summer 



Fig 144 — A-r, Dictyosiphon foeniculaceus (Iluds ) Kutz A sporophyte B, branch 
apex of a sporophyte C, vortical section through mature legion of a sporophyte D, uni- 
locular sporangia of D Macounii itirl (B D, from Kuckuck^ 1*129 ) (A, X B-(\ X 

160, Z>, X 100) 

annual which grows in the inidhttoial zone Its thread-like cylindrical 
thallus is freely branched and with the ultunate branchlcts tapering to an 
acute point (Fig 144/1) Each branch tip has a single apical cell which 
persists as long as growth continues, after which' it may be replaced by a 
hair (Fig 1445). 

Mature portions of a thallus may be so’id or hollow (Fig. 144C). 
Solid portions have a central core of vertically elongated colorless cells 

' Kuckuck m Oltmanns, 1922. 
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surrounded by an enshcathing layer of small isodiametric cells containing 
chromatophores. Certain of the superficial cells develop into long 
unbranched hairs. 

Xhc unilocular sporangia, which are larger than adjoining vegetative 
cells (iig. 144Z)), lie embedded just beneath the thallus surface. The 
sporangia arc formed by enlargement of isodiametric cells next to the 
axial core of elongated cells. 

The zoospores, which are of the usual phaeophyccan type, germinate 
immediately to form branched filamentous Ectocarpus-Yik^ gameto- 
phytes.^ The gametangia are uniseriate, 2 to 12 cells in height, and with 
each cell producing a single motile gamete. Germination of the zygote 
follows immediately after conjugation. Gametes that have failed to 
conjugate round up, secrete a wall^ and germinate parthenogenetically. 
A germinating zygote^ de\ clops into a filamentous protonema-like 
diploneina. Later on, certain (*ells of the filamentous diplonema develop 
into an upright columnar structure closely resembling the growing apex 
of an adult s]M)roidiyte ^ 

ORDER 3. LVMINARIALE8 

Most inemberh of the Laminarial(‘s (the kelps) liave a sporophyte 
externally differentiated into holdfast, stipe, and blade Growth is 
due to an iiilerealury meristeinatic legion, and it usually lies between 
stipe and blade. Mature regions anterior and posteiior to the meristem 
are internally differentiated into three concentric tissues. The sporo- 
phytes produce unilocular sjiorangia only, which lie in extensive sori 
borne upon the bbule. Sevend genera have the Ksori restricted to special 
blades {sporophylls) The gametophytes an* microscopic and oogamous. 

The order meludes about 30 genera and 100 species. They are 

inhabitants of tfie colder watcrh of the globe Kelp.s do not grow in 
tropical regions nor in temperate regions except where the water is cool. 
In polar regions they extend as far up as there is a suitable bottom free 
from permanent or nearly permanent ice. Most of the kelps grow below 
the low-tide line. There are four genera of the Laminariales along the 
Atlantic Ooast of this eountiy. Eighteen genera are found along the 
Pacific Coast, and 14 of tliem arc known only from the Pacific Ocean. 
Many of the Pacific Coast kelps are notable both for their size and for 
their external complexity of form. The most striking of these are the 
“giant kelps” which grow' in water 10 to 30 meters in depth. The e<^m- 
monest giant kelp of the West Coast, MacrocysHa pj/rifera (L.) Ag. 
(Fig. 154A) has a repeatedly branched stipe 30 to 60 meters long. There 
is a continuous forraatioif of new blades at the branch tips. Mature 
blades arc borne at regular intervals along a branch, and each of them has 

* Sauvageau, 1917. 
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a pear-shaped gas bladder at its base. Nereocystts Lueikeana (Mert.) 
Post and Rupr. (Fig. 1455), another common Pacific Coast giant kelp, 
is an annual. It has an unbranched stipe 20 to 25 meters long and one 
that terminates in a single large gas bladder. Above the bladder are 
numerous short diehotomously forked branches, each terminating in a 
single blade 3 to 4.5 meters long. The ‘^sea palm,'' Postelsia palmae- 
formis Rupr. (Fig. 146), is the most striking of the smaller kelps. It 
grows in the midlittoral zone, but only on rocky headlands exposed to 



the full pounding of the surf. It has a stout fl(*xihle stipe, about half a 
meter long, with numerous short dichotomies at the distal end, each 
terminating in a narrow blade 

At one time the kelps, together with tlie rockweeds (Fucales), were 
the chief source of potassium and iodine. The di'^covery of mineral 
deposits containing these elements has made their recovery from algae 
unprofitable for the past 80 years. There was a commercial recovery 
of these elements from Pacific Coast kelps during the World War, but 
this ceased when the European supply again ftecame available. 

KombUy a product made from various kelps, enters into the diet of 
almost every Japanese family and is one of the standard foods of the 
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country. Recent statistics are not available, but in the decade 1892 
to 1901 the production of dried kelp averaged more than 28,000 tons a 
year and averaged more than $426,000 in value. ^ The kelps are har- 
vested from July to October by fishermen who go out to kelp beds in 
boats. The plants are gathered by means of hooks attached to poles or 
by means of hooked dredges. Harvested kelps are spread out on the 
shore to dry, and the rough-dried plants are then sent to manulacturers 
for conversion into kombii. Upon arriving at a factory, the plants are 
boiled a few minutes in fresh water and 
then allowed to dry until the surface is 
no longer wet. They are then spread 
out one by one in flat wooden presses, 
and the whole mass is compressed as 
tightly as possible. The compres'^ed 
mass is then reduced to shreds by means 
of a hand plane, the cutting being done 
lengthwise along the edges of the parallel 
blades. Koinbu is also prepared by 
soaking the plants in\vinegar and shred- 
ding them one by one. 

Lam inaria , the genus afti'r which the 
order is named, is found along both 
coasts of this country. Most of the 
species are perennial, but at least one of 
them {L. ephemera Setchell) is an annual. 

The plant body is differentiated into 
three di‘>tinct parts; holdfast, stipe, and Fw 
blade (Fig. 147^1). The holdfast may 
be a solid disk or a system of forked root-like branches (Jiapteres). The 
stipe is always unbranched and either cylindrical or somewhat 
flattened. The blade may be simple or vertically incised into a number 
of segments, and its surface may be smooth or much convoluted. 

Growth of the sporophyte is due to an intercalary meristem at the 
juncture of stipe and blade. Meristematic activity results in a con- 
tinuous increase in length of the stipe. On the other hand, the length 
of a mature blade remains approximately constant because increase in 
length“at the base about equals abrasion at the apex.* Blades of most 
speefes persist for but one year. They stop growing late in the summer 
and begin to disintegrate in the autumn after the plant has discharged 
its zoospores. As the blade begins to disintegrate, there is an elongation 
of the fivinl portion of th? meristem below it.* This causes a transverse 

1 Smith, H. M., 1905. * Setchell, 190.j. 
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rupture of the cortical portion of the meristem. The exposed axial 
portion becomes flattened as it increases in length, and, as gro wth con- 
tinues, it becomes distinctly blade-like (Fig. 147B-C). The old blade 
may persist for a time upon the apex of the new intercalated blade, but 
eventually there is an abrasion of the old blade. 



Fio. 147 — A-C, Laminana Anderaomt Farlow A, sporophyte B-IC, stages m the 
r«>fCeneTatioii of new blades D E, L Farlowti Setchell Z>, transverse section of portion 
of A blade containing a mucilage canal E^ transverse section through a portion of a sorus 


(A, X H; B-C, X A X 216, E, X 486 ) 


Tho stipe is differentiated into a central axis (medtiUa), cortex, and 
epidermis, each containing distinctive elements. However, the transi- 
tion from one region to another is gradual, not abrupt. The medulla of 
young stipes and the meristematic medulla of older ones consist of vertical, 
parallel, unbranrhed filaments (“hyphae”) which lie close to one another. 
In slightly more mature medullae the vertical filaments lie a abort distance 
from one another (Fig. 148i4-F0 Certain cells of a filament divide 
diagonally to cut off initial cells of connecting filaments and the apposed 


PHAEOt>HYTA -^63 

initials elongate laterally until they meet each other. » Many of the 
connectmg filaments become several cells in length through repeated 
transverse division. The many-celled connecting filaments tend to run 
orizontal y across the medulla, but many of them run diagonally because 
of unequal elongation of the vertical filaments to which they are attached. 
Elongation of certain of the vertical filaments is accompanied by cell 
division, so that they remain composed of relatively short cells. In 
other filaments there is but little division, and the cells become long 



F 


Fig. 148. — A-Ej vertical sections through embryonic region showing early stages in 
development o( medullary tissue in stipe of Lamina? m digilata (Turn.) Lnmx. F, diagram- 
matic longitudinal section through medulla of stipe of L. Andertsoiin Farlow. Outer region 
at the left, inner at the right. (F. X 215.) (A F, after Killian, 1911.) 

(Fig. 148F). These filaments have been called trumpet hyphae^ because 
of their greater breadth near the traivsverse walls. The nature of the 
trumpet h3rphac is a matter of dispute, but there is considerable evidence* 
showing that they are rather like the sieve tubes of vascular plants. 
There are numerous pores in the transverse walls between adjoining cells; 
the adjnming protoplasts are connected by strands of cytoplasm ext^d- 
ing through the pores. The trumpet hyphae also resemble sieve tubes 
in t-hM perforated portiops of the end walls (the sieve plates) become 
hlneked off by callus pads when they become old. Microchemical 

« Oliver, 1887. » Oliver, 1887; Sykes,' 1908. 


‘KUlion, 1911. 
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studies on sieve tubes of Nereocystis indicate^ that they contain soluble 
proteins which tend to accumulate near the sieve plates, often more on 
one side than the other. Th^ suggests that the sieve tubes may function 
in the transport of foods. 

The cortex is formed by division and redivision of superficial cells of a 
young stipe. It is composed of more or less radially arranged, vertically 
elongated cells. There is a continuous increase in diameter at the 
periphery of the cortex as long as the plant remains alive. Cells formed 
at the end of a growing season are smaller than those formed early in the 
season. Becailfce of this, the cortex contains one or more concentric 
rings resembling the annual rings in the secondary wood of a dicotyledon- 
ous stem. Cortices of many species contain mucilage ducts, either just 
beneath the epidermis or just outside the medulla. They are an anasto- 
mosing system of canals filled with mucilage. The' mucilage is produced 
by groups of secretory cells at the inner fa(‘e of a duct.^ 

The epidermis is one or two cells in thickness and composed of small 
cubical cells containing many chromatophores. 

The internal structure of a blade resembles that of a stipe. At the 
center is a flattened m(‘dulla with vertical and connecting filaments. 
External to the medulla is a cortex composed of isodianietric cells that 
are progressively smaller toward the (epidermis (Fig. 1477->). Several 
species have mucilage ducts in their cortices. The epidermis is usually 
but one cell in thickness. Both it and the outermost cortical cells con- 
tain numerous chromatophores. 

Unilocular sporangia, which are the only reproductive organs produced 
by the sporophyte, are generally formed at a specific season, cither summer 
or autumn. They are l>orno in oxlensive sori nearly covering both sur- 
faces of a blade (Fig. 1475). Each epidermal cell of a young soral area 
sends forth a finger-like outgrowth at its outer face. A transverse wall 
is formed at the base of the outgrowth, and the cell thus cut off elongates 
to form an erect unicellular paraphysis with a conspicuous (?ap of gelati- 
nous material at the apex (Fig. 1475). Formation of the palisade-like 
layer of paraphyses is followed by a cutting off of a unilocular sporangium 
at the outer face of what was formerly an ei)idcrmal cell. The sporangia 
become club-shaped and about two-thirds as long as the paraphyses. 
The single nucleus of a young sporangium divides meiotically, and simul- 
taneous nuclear division continues until there arc 32 or 64 nuclei. There 
is then a cleavage into uninucleate protoplasts and a metamorphosis of 
them into zoospores. 

Sporophytes growing in the intertidal zone discharge their zoospores 
at the time of reflooding by the incoming tide. The mass of zoospores 
discharged from a sporangium is enclosed by a watery gelatinous sheath 

1 Bigg, 1925. ®Guignard, 1892. 
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as it exudes between the paraphyses, and the sheath persists for a minute 
or more after extnision beyond them. Then the sheatti dissolves, and 
the zoospores swim freely in all directions.*# 

Zoospores round up, after swarming for a time, secrete a wall, and 
soon send forth a germ t\ibe. The nucleus and chromatophores move into 
the germ-tube apex, and a transverse wall is formed po.stcrior to them. 
This cell develops into the cellular gametophyte.* In L. sacchanna (L.) 



Fig 140 —Laminaria ilcxicanha Lo Jol. A, male gainetoph\ to B female gameto- 
phvto with young sporoiihytcs C K, somewhat 1 it st ip*>s in de\elopment of sporophytfc 
{From Sauvofjtau^ 191S ) (.^1, X 4S(), B X ISO) 


Lamx. there is a genotypic determination of <-cx during the reduction 
division. Half of the 32 zoo‘«pores de\ clop into male gametoph 3 rtes and 
half into female gametophytes.® Both male and female gametophytes 
may begin a production of sex organs after they arc two or three cells in 
length, but the male gametophytes usually become many-celled before 
they fruit. Fruiting is directly dependent upon temperature, and it has 
been shown® that gamelbphytes remain vegetative if the temperature 
of the culture is above 15“C. Sterile gametophytes may be distinguished 

‘ Kylm, 1916; Myeie, 1926; SauvaReau, 1918. * Schrciber, 1930. 
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from each other because cells of female gametophytes are twice the diam- 
eter of those of male plants. Many-celled male gametophytes produce 
antheridia in abundance and at the tips of one- or two-oclled lateral 
branches (Fig. 149A). Each antheridium is one-celled, and its protoplast 
is metamorphosed into a single antherozoid with two lateral flagella. 
Oogonia of female gametophytes arc developed from both intercalary 
and terminal cells. In either case, the oogonium elongates vertically, 
and its protoplast develops into a single egg. The egg is extruded 
through, but remains attach^4 ^ at a pex of Qognnial wall 
(Fig. 149J^. "" ‘ 

An antherozoid swims to and fuses with the egg attached to the 
oogonial apex. Union of gametes is followed by a union of their nuclei.^ 
Soon after this, the zygote begins to dcwclo]) into a sporophyte. By 
successive transverse divisions it develops into a vertical row of 6 to 10 
cells. Median cells of the row then divide vertically, and this is soon 
followed by a vertical division of all cells but the lowermost.^ The lower- 
most cell elongates to form a rhizoid in much the same manner as a root 
hair grows out from an epidermal cell of a root of a vascular plant.* 
Continued division in two planes produces an expanded blade-like sheet, 
one cell in thickness but with several hundred colls (Fig. 149C /?). Addi- 
tional rhizoids are developed from the lowermost cells of the blade, and 
the gametophyte disappears after three* or four rhizoids have been 
produced. Eventually cells in the lowermost portion of the blade divide 
in a third plane, producing a meristematic* region (*oraparable to that of 
an adult sporophyte. The upper face of this m(*ristem contributes to 
the blade, the lower face gives off derivatives that mature into a stipe. 

CLASS 3. C/CLOSPOREAE 

The Cyclosporeae have a life cycle in which there is no alternation 
of generations. »Thc plant body is a sporophyte, and spores produced 
by the unilocular sporangia function a*s gametes. Gametic union is 
always of an oogamous type. The thallus is always parenchymatous 
and with growth initiated by a single apical cell. The sporangia are 
borne within special cavities {conccptacles). Conceptacles may be 
scattered over the whole surface of a thallus, but more frequently they 
are limited to inflated tips of branches (receptacles). 

There is but one order, the Fucales. It contains some 32 genera and 
325 species. These are generally placed in a single family, the Fucaceae. 

The Fj^cales are world wide in distribution, but those of Arctic and 
North Temperate seas differ considerably froSn those of Antarctic and 
South Temperate ^waters. There ar6 also characteristic genera in the 

^Williams, 1921. *Kylin, 1916; Myers, 1926; Sauvageau, 1918. 

* Sauvageau, 1918. 
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intervening tropical zone Most of the Fucales grow permanently 
attached to rockb, but in some ca^es, as in certain species of SargcLsmm, 
the thallus is free-floating Thalli of species growing in the intertidal 
zone are rarely over a meter in length; those of certain species growing 
below the low-tide level may become more than 5 meters long. 

The sporangial natuie of the so-called sex organs of Fucales has already 
been discussed (page 227). All Fucales are heterosporous; with mdcro- 
sporangia (‘‘oogonia”) producing large aplanospores (‘‘egg&*0 and with 



Fig 150 — DiaRnmi showing; th( de\elopineiit of the \inou 8 types of macrosporangia 
found ninong tht lu< ilc-s A / ncus tjpe li ii^cophj'lum type C\ Pelvelta type D, 
Hespitophycu^ Xypo E C ybtostim type V *Sa?t7a6 sum type 


microsporangia (‘^antheiidia'O producing small zoospores (‘‘anthero- 
zoids'O ^ spoiophyte may be monoecious or dioecious 

Development of inici osporangia is identical with that of unilocular 
sporangia, and theie is generally a production of 64 zoospores Thel 
zoospores differ from those of other Phaeophyta in that the posteriori 
flagellum is the longer of the two.^ 

" Developing macrospoiangia have a reduction division of the nucleus 
and an equational division into eight nuclei. The subsequent develop- 
ment (Fig. 150) is according to one of the following types: (1) the Fucus 
type® in which tliere is ^ cleavage into eight uninucleate aplanospores; 
(2) the Ascophyllum type® in which four uninucleate spores are fornied 
and four supeniumcrary nuclei are extruded between them; (3) the 
1 1916i4, 1920 * Fanner and Mrilliams, 1898 • Oltmanns, 1889. 
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Pdviha type' with two uninucleate spores and six supernumerary nuclei; 
(4) the Hesperophycua type* with one large uninucleate spore and a small 
basal seven-nucleate spore; (5) the Cystosena typo* in which seven nuclei 
are extruded; and (6) the Sargassum type® in which all but one of the 



Fio 151 — Pdvetia foEtigiata (I G Ar ) DoTom A thallua 7?, 8omi<lmgrammatiP 
lonKitiidiii il section of a thallus apex C\ apical cell and recently formed denvataves 
Suecessnely formed derivatives are numJiered eonseeuti^olv D F, early stages in de\ elop- 
ment of oonceptaeles (A, X X ICO, C, E F, X 325, Z), X 485 ) 

nuclei degenerate before or after gametic union. The Fueua type appears 
to be the most primitive and the others modifications of it. 

Most of the Fueales found along the shores of this country grow high 
in the intei tidal zone. Fuens, described in almost every textbook of 
general botany, is found along both coasts oT" this country. Pelvetia, 
here selected to exemplify the Fucalcs, grows in profusion in the upper 

» Oltmanns, 1889 • Gardner, 1910 • Nienburg, 1910; Tahara, 1918. 
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littoral zone along the entire Pacific Coast of the United States and along 
the shores of Europe. 

The thallus of the Pacific Coast species, P. fasligiata (J.G. Ag.) DoToni, 
is 20 to 40 cm. tall and attached by a disk-shaped holdfast. The erect 
portion of the thallus is a somewhat flattened cylinder with many 
dichotomous branchings (Fig. 151.4). Each branch tip has a single 
four-sided pyramidal apical coll which cuts off segments laterally and 
basally (Fig. 151C). Tlie first division of lateral segments is periclinal. 
The outer daughter cells divide and redi\ ide to form the parenchymatous 
cortical ti.ssuc of mature regions. The inner daughter cells, together 
with derivatives from the basal face of the apical cell, divide to form cells 
that mature into a medulla composed of parallel longitudinal filaments 
laterally separated from one another by gelaiinous material (Fig. ISliS). 
Occasionally an apical cell divides vertically into two daughter cells, 
each of which becomes an apical cell. Grow th initiated by the pair of 
apical cells produces a new dichotomy of the branch. 

P. fastigiata is a perennial and fruits throughout the year. The 
sporangia (sex organs) .are (onned within conci'ptacles borne upon some- 
what inflftted tips of branches (n'ceptacles) hlach conceptacle is derived 
from a singh' superficial cell which lies close to the growing apex.^ The 
conceplacular initial lies slightly below' the level (it adjoining vegetative 
cells (Fig. 161/J). It divides vertically, and both daughter cells divide 
transvensely (Fig. 151/?). The tw'o o\it(*r cells remain undivided; the 
two inner divide and r( divide to torm an expanded sheet, the fertile 
layer, two or three cells in thickness CFigs 151F, 152A). It is the layer 
lining the flask-shajicd open cavity (the conceptacle), r(>sulting from 
continued division and enlargi'inent of cedis lateral to the conceptacular 
initial. A mature conceptacle fFig. 152//) is globose and with a relatively 
small opening, the osttole. Suix'rficial cells of the fertile layer may 
produce sterile hairs (paraphyse.s) or .sporangia. Paraphy.ses are devel- 
opejl from fertile-layer cells immediately inward from the ostiole. A 
paraphysis is several cells in length, unbranched, and with terminal 
cell vertically divided. The paraphyses project through the obtiole 
and a very short distance beyond it. 

Microsporangia (antheridia) develop directly from cells of the 
fertile layer or at the bases of fertile paraphy.ses growing out from them 
(Fig. 153G-H). It is very probable that, as is certainly known in other 
Fucales,* division of the primary nucleus of a microsporangium is reduc- 
tional. Siraultanebus nuclear division continues until there are 64 nuclei 
in a microsporangium; thfn there is a cleavage into 64 zooids. 

Certain cells in the lower portion of a fertile layer function as initials 
of macrosporangia (oogonia). A macfosporanpal initial divides trans- 

» Moore, 1928; Nienburg, 1913. ‘ Yamanouchi, 1909. 



270 


ALGAE AND FUNGI 



Fio 163 — Pvlvetta foaigtata (J O Ag) DeTom A-F, stages in development 
of macrosporangia O, paraphysis beargig nucrosporangia H, liberation pf microspores. 
(4-<7, X325, H, X660) 
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versely into a stalk cell and a macrosporangial cell, neither of which 
divides again (Fig. 153^1). The macrosporangial cell increases greatly 
in size and becomes the inaciosporangiinn Kight nuclei are formed by 
three successive divisions, and it is \ery i)rohablc that the first twd are 
reductional (Fig. 163^-D). The eight -mich^ate protoplast then cleaves 
into two aplanospores (eggs), each gemnally with four nuclei (Fig. 
153£f~F). This cleavage is \eitical in P fasiiqiata and transverse in 
P . canaliciilains (L ) Df'c’nc' and Thin. One nuch'us of each aplanospore 
enlarges and becomes centrally located, the lemaining nuclei move to 
the recently formc'd jilasma membrane and l)C(*ome cut off.* Cleavage 
is irregular in about 10 p( i c<'nt ol the macrospoiangia of P. fashgiata 
and produces three to six aplauospon^s 

The macrosporangial w'all hc'conv*^ diflc KMitiated into two relatively 
firm layers, the exoclute and the ••epaialed from each other 

by a softer gelatinous layer,'* the mi^oqilatin (Fig 151 1, Q). A portion 
of the wall b< tween spoMugmin end stalk icinains homogeneous and 
constitutes tlie basal pil of th(' wall 

Liberation of Z()os])oi(s (authcro/oKb) and aplanospoies (eggs) 
takes place when Pelvdta is lefloodid by the incoming tide. The 
me&ogelatm of a matnie inacio^lKnangium within a ronceptaclc imbibes 
water, swells, and luptuns the suiiounding e\o( Into The mosochito 
with its contained aplnnospoHs tlan ini'^hod towaid and out through 
the ostiole. This passi\( extiusion oJ iiicH lospoiangia seems to be due 
to a swelling of gelatinous nuitenal within th(' coiiceptaclo Duiiug the 
first 10 minub's altei r \ti usion, th« tA\u aplanospores within the mesoehite 
begin to se])aiate tioin eadi othei and lx come iiregular in outline 
(Fig. 154^ C). Till'- IS lue to the s\m11uh> of a gelatinous layer, the 
endogelatin, internal to the ineMichile The me^ochite continues to 
swell for the next 20 minutes, and the aplanospoies within it gradually 
become spherical (Fig \7AD~E), 

Reflooding of the' thallus also cauM‘s a inpture of the outer wall 
layer of mature mierosporaugia and an extrusion of the sporangial 
contents through the ostiole, Tlie mass of zoobporos is surrounded 
by a gelatinous euv(*lope when it is ('xUudoil, but this soon dissolves 
and the zoospores swim fioely in all din^ctions Zoospores swarming 
in the vicinity of liberated inaciospoiangia swim thiough the mesochite, 
swim about slowly within tins en\ elope, and unite with the aplanospores 
(Fig. 154i?). Sevoial other Fucales aie known* to have this gamcStic 
union of zoospore and aplanospoic* follow^'d by a union of the two nuclei. 

The zygote secretes a j^all and begins to gc^rminate within a day or 
two. There is usually a lertilizution ot both eggs wdthin a mesochite, 

1 Gardner, 1910; Moore, 1928 * Fnrnici and Williams, 1898 

» Resuhr, 1935. * Farmer niul Willianib, iS98; Stiashurger, 1897; Walker, 1931 
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but occasionally one remains unfertilized (Fig 154F) The mcsochite 
persists for several hours after extrusion but disappears before the zygote 



Fio 164 — A-G Pehetia fasligiala ( J G Ag ) DoToni A m ituro m'lorosporangmni 
B-D, stages in suvellmg of the mesochite and maciospons after their libudtion from the 
ruptured exochite Iheae three figures are the strae sporangium drawn at 10 minute 
lutervaLs E fertiliz ition F a pur of macrospores several hours after liberation one 
fertilized the other unfcrtilizerl 0 macrosporangium soaked in sea. water for soatral 
hours Compare with (ig A ind note the abnormal swelling of the mesogolatin //-/, 
early stages in development of the thallus of Heaperopkycua Harveyanua (Dec ne) Setchell 
and Gardner (A-6, X 215. H i. X 325 ) ^ 

divides Early stages in development of a zygote into a thallus are 
remarkably unifoim from genus to genus among the Fucales. The 
nucleus may divide before the zygote has elongated, but in a majority 
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of cases the zygote is pear-shaped when the nucleus divides. The 
zygote divides transversely into an upper cell and a somewhat smaller 
basal cell. This is soon followed by a transverse division of the basal 
cell. The lowermost cell of a three-celled germling is a rhizoid initial; 
the upper end and median cells develop into the thallus proper.^ The 
upper and median cells divide vertically, after which division is both 
horizontal and vertical (Fig. 154H). The rhizoidal initial undergoes 
two or three transverse divisions and then the uppermost cells divide 
vertically. Early development of a young sporophytc is at a rapid 
rate, and within five days it consists of 50 to 75 cells (Fig. 1547). Later 
development is much slower and gradually produces a short, erect, cylindri- 
cal thallus with several rhizoids at the lower end. Certain cells at the 
apex of the cylinder divide pcriclinally and develop into unbranched 
multicellular hairs. In germlings of Fucus these hairs begin to degenerate 
progressively toward the basal cell after they have attained a certain 
length.^ The basal cell of one of the hairs then begins to function as 
an apical cell. All further grovrth of the sporophyte is initiated by this 
apical cell. 

\ 
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Swingle, W. T. 1897. Jahib. irws. Bot. 30; 297-350. 2 pi. [Spharelariaceales.] 
Sykes, M. G. 1908. Ann. Bot. 22 : 291-325. 3 pi. [Anatomy of Laminariales.]^ 
Tahaba, M. 1918. Jour. Coll. Sci. Imp. Univ. Tokyo 32, Art. 9: 1-13. 3 pi. 6 figs. 
iSargasaumy Fucales.] j. 

Taylor, W.R. 1922. Ro/. 74 : 431-441. [Classification.] 

1928. Carnegie Inst. Wash. Publ 879 : 1-219. 37 pi. [Marine algae of Florida.) 
1986. Bot. Rev. 2 : 554-563. [Classification.] 
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Tbvwi, G. 1865. Ann, Sci. Nat. Bot, 4 ser. 3: 1-28. 3 pi. [Reproductive organs.] 
Wauub, Ruth I. 1881. CtUide 40: 175-102. 3 pL 1 fig. [Fucales.] 

WiLUAMB, J. L. 1904. Ann. Bot. 18: 141-160. 2 pL [Dictyota.] 

1904A. /5»d. 18: 183-204. 3 pi. [Diayota.] 

1981. /btd. 85: 603-607. [Qamotophytes of Larntnaria.) 

Wn.L8TXTTBB, R., and H. J. Paoh. 1914. Ann. der Chem. 404 : 237-271. 2 fig 
[Pigments.) 

Yamanouchi, S. 1909. Rof. Gds. 47 : 173-197. 4 pi. [Fucm.] 

1918. /bid. 54:441-502. 10 pi. 15 figs. [CuUeria.] 

1913. Ibid. 56: 1-35. 4 pi. 24 figs. [Cutleriales.] 



CHAPTER VII 


CYANOPHYTA 

The Cyanophyta differ from all other algae in that*thcir pigments 
are not localized in definite chromatophorcs but are distributed through- 
out the entire peripheral portion of a protoplast^ The protoplasts 
contain a blue pigment (phycoajanin) in addition to chlorophyll and the 
accompanying carotinoids. They may also contain a red pign^ent 
resembling the phycoerythrin of Rhodophyceae"^ Another feature dis- 
tinguishing Cyanophyta from other algae is the presence of a primitive 
type of nucleus (the central body) which lacks a nuclear membrane and 
nucleoli. Equally ujportant, although negative in character, are the 
lack of flagellated repioductivc bodies and the total lack of gametic 
union in all members of the division. 

There are about 150 gcneia and 1,400 species, a majority of which 
are fresh-water. 

The division contains but one class, the Myxophyceae (Cyanophyceae). 

Occurrence. A large majority of the species in two of the three 
orders arc fresh-watey. The reverse condition obtains in the third order 
(Chamaesiphonalo). Most marine species grow in the intertidal zone. 
Some of them are frce-lixung; many more grow epiphytically upon other 
marine algae or within their tissu^. 

Fresh-i/mtor Myxophyceae are found in a wide variety of habitats. 
Many of them are aquatics that grow either in permanent or in temporary 
waters. Certain of those in permanent waters are found only in the 
plankton.^ They are usually present in abundance only during the warm 
months of the year. At such times one or two species may develop to 
such an extent that the water is colored by them. Such “water blooms” 
may be of sporadic occurrence, or they may occur annually. 

f Other freabrwatcE species are subacrial andjgrow either upon daijo^ 
clilfs, dripping rocky ledges, or upon damp soil. Growths of terrestrial 
Myxophyceae are not usually conspicuous, but in certain regions, 
especially those with a pronounced rainy season, they^ may develop to 
such an extent that they foim an extensive coating on the soi l. ( Tot- t 
restrial Myxophyceae may also grow-beneath the surface of the SW and 
at a depth of a meter or more. 

Blue-greenjJ|{ac growing within, and in the outflow from, lioft a p^ings l 
have long aroused the botanist's interest and have bMn studied in 
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practically every country where there are hot springs. ( Thermal alg^ 
TT>fl. y..grnvf and multiply where , the. temperature is as nigh. a? 

The frequently cited report* of Myxophyceae growing in hot springs with 
a temperature of 97®C. is undoubtedly incorrect. In fact, all records 
for the upper temperature limits at which thermal algae can exist must 
be scrutinized with care since portions of a spring but a few centimeters 
apart may differ in temperature by as much as 10®C. Thefe are only a 
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Fia. 155 . — Non filamentous Myxophyceae. A, Chrooooccus turgultis Nltg. J5, Codo~ 
spcLenum NaeQ€lifinuin Unger. Glocothccc linf'aris Niig. O, Eucapsis olpinti Clements 
and Shants. (After ClemerUs and Shanlz, 1909.) E, Microcystis aeruginosa Ktttz* F. 
Merismopedia degans A. Br. (A, X 825; B, E, X 400; C, F, X 1,000; Z), X 250,) 

few species of thermal Myxophyceae, but they are world wide in. dis- 
tribution and are not found elsewhere than iti hot springs and in their 
outflow. 

Organization of the Thallus. A few Cyanophyta have an immediate 
separation of daughter cells after cell division and are therefore truly 
unicellular. In the great majority of spccigs the daughter cells remain 
united after division^ and this adhesion resul^ in either a filainentOus or 
a nonfilamentous colony, r 


^Setchell, 1903. 


* Brewer^ 1866. 
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The production of nonfilamentous colonies (Fig. 158) results from a 
persistence and confluence of the gelatinous envelopes surrounding the 
individual cells. The confluence may be so complete that all traces of 
the individual sheaths disappear, or it may be incomplete so that there 
is a more or less evident sheath about each cell. Broadly speaking, 
genera with evident sheaths about the individual cells show a strong 
tendency toward colonial dissociation and have smaller colonies than do 
genera in which the cell sheaths are fused to form a homogeneous gelati- 
nous matrix. The shape of nonfilamentous colonies is dependent upon 
the planes in which the cells divide. If divisions are in two planes, the 
result is a layer one cell in thickness and either a flat plate or a hollow 
sphere (Fig. 155B, F). When divisions are in three planes, their sequence 
may be so regular that there is a formation of a cubical colony (Fig. 155D), 
but the sequence of division is usually so irregular that there is no regular 
arrangement of the cells within a colony (Fig. 155F). 

Repeated division in a single plane produces a filamentous colony 
(Fig. 156). Cells of filamentous colonies may be held together solely 
by walls common to two abutting cells, but usually there is also a cylindri- 
cal sheath ol gelatinous material enveloping the file of cells. A single 
row of cells in a filameiitous colony is called a tnckome, and the tiichome 
with its enclosing sheath is called a filament. According to the genus, 
a filament contains a single trichome (Fig. 156F), or it contains several 
trichomes (Fig. 156(7). A triehome may be of the same diameter 
throughout, or it may be markedly attenuated at the distal end (Fig. 
1567/). Trichomes of most genera are unbranched, but there are also a 
few genera in which they are branched (Fig. 156C). Some genera with 
more than one trichome in a filament have them so arranged that they 
appear to be branched (Fig. 1567)). Thi.«! “false branching” is due to a 
growt^ of free ends of trichomes through the surrounding sheath. 

The Cell Wall. Walls surrounding protoplasts of nonfilamentous 
Myxophyceae are composed of two concentric portions; a thin firm layer 
imme^ately outside of the protoplast and an outer gelatinous layer, the 
sheath, that is often of considerable thickness. The wall structure of 
filamentous blue-green algae is much the same, except that the gelatinous 
layer is restricted to free faces of the cells. For a number of years there 
was a very general acceptance of the investigations^ which held that the 
♦.hjn inner portion of a wall is composed largely of chitin. More recent 
investigations are practically unanimous in denying the presence of 
chitki. Most of the recent workers^ hold that cellulose is the chi^ 
fthemi cal compound in this wall layer, but it has also been suggested* that 

> Segler, 1001; Kohl, lOOsf 

* Klem, 1016; Mameli, 1020; Panini, 1024; von Wettstein, 1021. 

•UUrich. 1020. 
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l?^’ Myzophyceae. A, OBciUato^ formosa Bory. B, O. limona 

C, NoBtochopsia lobatua Wood. D, Tolypothrix ienuta KUtz.- Et Anabaena circinalia 
^<itzO F, Porphyroaiphon Notariaii (.Menegh.) Kt^tz. Qt MicrocoLeua taginatua 

jyaueh.) Gom. B. Rimdaria dura Roth. (A-C, X 660; Z), X 376; E, X 400; F, X 600; 
a X 300, H. X 486.) 
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it consists of a pectin*like hemicellulose. Recent investigators are also 
in accord in holding that pectic compounds are the predominant sub- 
stances in the gelatinous portion of the wall. 

The sheath surrounding a cell, or that surrounding a trichome, may be 
firm and conspicuous, or it may be of so watery a consistency and so 
inconspicuous that it is not visible unless demonstrated by special 
methods. The stratification evident in sheaths of many species (Fig. 
156F) is probably due to a hydrolysis to different degrees of various 
portions of the sheath. Sheaths of most species are colorless, but those 
of some species are yellowish or brownish. This coloration has been 
thought to be due to the presence of special pigments, but there is no 
evidence at hand showing that sheath pigments are different from those 
found in the protoplast. 

Many suggestions have been put forward concerning the function 
of the sheath, but none of them are applicable to all Myxophyceae. vThe 
presence of a sheath about a cell or a trichome undoubtedly increases 
the water-absort)ing and water-retaining caj^acity and is one of the 
chief reasons why Myxophyceae are so successful in terrestrial and aerial 
habil;i|,t8 .) The copious sheath generally found about colonies ot most 
plankton species is also advantageous in that it makes the colony more 
buoyant. In most other aquatics it is not clear that the presence of a 
sheath is advantageous or disadvantageous. 

Structure of the Protoplast. ^ Ever since the first attempts^ to deter- 
mine the structure of the myxophycean cell there has been a recognition 
of the fact that its protoplast consists of a pigmented outer portion, 
sometimes called the chioinoplasm, and an inner colorless portion, the 
central body. .All investigations of cell structure by means of modem 
cytological technique find that all or a portion of the central body is 
differentially stainable in much the same fashion as is the chromatic 
material of true nucl(*i. The interpretation of these observations are, 
however, extremely divergent. 

'^Some cytologists* maintain that the positive reaction of the central 
body to chromatic stains is not sufficient evidence for considering it 
nuclear in nature. The advocates of this interpretation think that the 
central body has the same fundamental structure as the peripheral portion 
of the protoplasm and that chromatic substances localized in the central 
portion of a cell, although aggregated in granules, have but little in com- 
mon with true nuclear material (Fig. 157B).^This contention seems 
to be denied by the recent® isolation of radicles of nucleic acid from bhie- 
green algae. 

‘Schmitz, 1879, 1880. 

‘Fischer, 1905; Haupt, 1923; Hollande, 1933; Pr^t, 1925; Zacharias, 1890, 1802. . 

‘ Mockeridge, 1927. 
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/A large majority of those studying the cytology of Msrxophyceae 
thmk that the central body is nuclear in nature, even though it lacks 
a definite membrane and nucleolL^'Therc are those* who think that the 
chromatic nuclear material is localized at certain junction points in 
the fundamental protoplasmic reticulum. These junction points may be 
equidistant from one another, or they may be irregularly spaced. Other 
eytologists hold that the entire central body is nuclear in nature and 
that it consists of chromatic materials more or less regularly distributed 
throughout an achromatic groundwork (Fig 157A) Advocates of 



B 

Fig. 167 — Cell structure of various Myxophyce le A, C hroococcus turgxdus Nag B, 
structure and division of the colls of Anabaena citcinalis (Klits ) Kab f, structure and 
division of the cells of OsriUcUona ynneepa Vaueb (A after Acton^ 1914, B, after Haupt, 
1923, C, after Olive, 1904 ) 

the interpretation that the central body is wholly nucleai m nature 
are not in agreement as to the method by ■which it divides Some of 
them* think that the mechanism dividing the piimitively organized 
nucleus is a^indlc apparatus resembling that of other plants (Fig 157C) 
It effects a division of the nuclear material by divicUing the chromatm 
granules both qualitatively and quantitatively. One investigator’ has 
even gone so far as to report definite chromosomes, but these observa- 
tions have never been confinmed The remainder of those who think 

‘Acton, 1914, Guillieimond, 1906, 1926 

* BaumgSrtel, 1920, Brown, 1911, Lee, 1927; Ohvefl904; PhilUpa, 1904; Poljansky 
. and PetruBchewbky, 1929. 

• Kohl, 1903 


CYANOPUYTA 


283 


that the central Jt)ody is nuclear in nature,^ as well as all those who ■ 
think that it is not nuclear, maintain that division of the chroma^ 
material is amitotic and merely effects a quantitative bipartition of the 
chromatic substance. 

The pigmented portion of a protoplast, the chromoplasm, is usually 
a fine alveolar reticulum. Included within it are a number of spherical 
or irregularly shaped inclusions. These may be irregularly distributed 
throughout the chromoplasm, or they may be restricted to the vicinity 
of walls abutting on other cells. It is clear that all of these bodies are 
not of the same chemical composition and that somb of them, probably 
the majority, are reserve food materials J^idence for this is seen^ 
both in their greater abundance in reproductive c^ls and in their gradual 
disappearance during periods of active growth or when plants are kept 
for some time in a dark room. The reserve food granules represent 
conversion products from sugars formed daring photosynthesis, and, 
whatever else their nature, thgy not starch. Many hold that glycogen 
is the chief food reserve “accumulated within the myxophycean cell 
Others* think that a true glycogen is never fonned and that reserves 
accumulating in the ohiomoplasm are glycoproteins, using the term 
in the widest sense. In addition to glycogen or glycogen-like compounds, 
the chroinoplasm may contain other reserve foods. These mclude 
granules that are wholly proteinaceous in nature, and also minute droplets 
of oil. 

Differential staining of the central body* and mieiochemical studies* 
show that reserve foods may also accumulate in the central body. These 
seem to be of the same natuie as those in the chroinoplasm, and there 
seems to be but little support for the view* that a special carbohydrate 
(fin^baemn) is formed in the central body. 

There is a very marked diversity of opinion concerning the so-called 
gas vacuoles or pscudovacuoles found in many of the fresh-water plankton 
species (Fig. 158). At times all individual of a given sjxjcies in a plank- 
ton catch will contain pscudovacuoles; in other cases only certain of the 
individuals will contain them. In the latter cases the pscudovacuoles 
frequently appear in other cells a few hours after the collection is trans- 
ported to the^ laboratory. When algae containing p.seudovacuoles are 
viewed in a mass, it is of a pale yellowish-green color. When cells are 
seen under low magnification, the pseudovacuoles appear as black bodite,^ 
^lar^r than other cell inclusions. They are scattered throughofit 
protoplast, and frequently they are present in such numbers that it is 
impossible to distinguish between central body and chromoplasm. 
Their reddish color, when examined under a high magnification, is probably 

* Aoton, 1014; Gardner, 1006; Guilliermond, 1006, 1026; Hegler, 1001. 

* Baumgartel, 1020. ' Gardner, 1006. * Fischer, 1005. 
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a refraction phenomenon. The first studies,^ which held them to be 
gas-filled cavities, were not particularly conclusive since they could not 
be repeated by others.* Recent investigations^ seem to prove conclu- 
sively that pressure or a partial vacuum will cause the pseudovacuoles 
to disappear and gas bubbles to collect near the surface of cells. How- 
ever, not all who have recently studied the problem think that 
these structures are gas-filled cavities, and the suggestion has been 
made^ that they are cavities filled with a viscous substance. Among 
the functions ascribed to them have been that of givingj^lankton species 
k greater buoyancy juid that of]^sferving as a light screen against too 
intense illumination^ It has also Been 'suggested^' {hat they do not 
^ serve any partieular purpose but result from intramolecular respiration 
iinduced by an oxygen deficiency in the water. 



Fig. 158 . — Anahaena cirdndlis var macroapora Wittr ) DcTom with pseudovacuoles in the 
vegetative colls and the akmete. ( X 825.) 

Pigments. Although .somo phycologists regard the pigmented 
portion of the protoplast as a single chromatophore, it is not a chromato- 
phore in the same sense that the term is used in connection with other 
algae. In some c^ses the pigments appear to be uniformly diffused 
throughout the chromoplastic portion of the protoplast; in others the 
coloring matter appears to lie in minute granules scattered through the 
peripheral portion of the protoplasm.® 

The pigments present in the chromoplasm include chlorophyll and 
the carotinoids usually associated with it, phycocyanin^ and a red pigment 
similar to, but not identical with, the phycoerythrin of Rhodophyceae. 
So far as is known the chlorophyll and carotinoids are similar to those 
found in green plants. The phycocyanin^ is a water-soluble substance 
which may be extracted by means of chloroform water and then pre- 
cipitated in crystalline form by the addition of ammonium sulphate. 
If Myxophyceae are killed by the addition of a few drops of sulphuric 
acid or by suffocation through placing too much material in too small a 
container, the water surrounding them becomes a bright blue because 
of the water solubility of the phycocyanin. Phycocyanin is more stable 

in light than are the chlorophyll pigments, as is evidenced by the blue 

c 

1 Klebahn, 1895, 1896, 1897. * Brand, 1901; Molisch, 1903. 

• Klebahn, 1922, 1925. * Van Goor, 1925. ® Canabaeus, 1929. 

• Wager, 1903. ^ See Czapek, 1913 p. 598 for literature. 
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color of dried Myxophyceae that have been exposed to full sunlight for a 
few days. 

Spectroscopic analyses of the red pigment in protoplasts of Myxo- 
phyceae seem to show that it differs slightly from the phycoerythrin 
of Rhodophyceae. ^ Because of this and because of differences in capillary 
analyses of red pigments in Rhodophyceae and Myxophyceae, the term 
schizophycean phycoerythrin has been proposed^ for the red pigment of 
blue-green algae. 

The various pigments found in the myxophycean cell are not present 
in equal amounts nor are all of them always present. Some blue-green 
algae lack schizophycean phycoerythrin; others lack or contain only 
small amounts of phycocyanin.^ Variations in proportions of red, blue, 
and yellow pigments should, from the theoretical standpoint, make 
possible any color in the protoplasts of Myxophyceae. The occurrence of 
giass-grecn, blue-green, olive, yellow, orange, pink, red, violet, purple, 
brown, and black Myxophyceae showvs how closely this theoretical 
condition is approximated in nature. Howe^^er, it should be noted that 
all such shades and colors in an algal mass are not always due entirely 
to pigments in the chromoplasm but may be due partially to colors in 
the gelatinous sheaths. 

The causes for development of the various pigments in different 
proportions are not known with certainty. The theory of complemerdary 
chromatic adaptation was first applied^ to the Myxophyceae to explain 
expcriin(mts which showed that certain of them cultivated in light of 
different colors assumed different colors. This theory, originally 
evolved to explain variation in color of Rhodophyceae,^ holds that the 
color of the light-as’^imilating portion of the protoplast is directly com- 
plementary to the quality (color) of the light in wliich the plant is glowing. 
For example, plants growing in blue light are red, and those in red light 
are green. Such color changes, sometimes called Gaidukov phenomenon, 
have been found for a number of Myxophyceae,® but it has also been 
shown that many members of the class do not give this response. 
Thus, in one series of experiments,® only 4 of 18 species investigated 
gave a definite Gaidukov response. Spectroscopic analyses of the 
species exhibiting chromatic adaptation showed that alternations .in 
color were due to changes in the ratio between phycocyanin and schizo- 
phycean phycoerythrin. The change in color of species showing the 
Gaidukov phenomenon may also be due to factors other than light. 
Chief among them is the exhaustion of nitrogen from the substratum.<^ 

1 Boresch, 1921 ; Wille, 192g. * Boresch, 1921. 

* Gaidukov, 1902, 1903. ^Engelmann, 1883, 1884. 

Boresch, 1919, 1921il; Gaidukov, 1923; Harder, 1922; Susski, 1929. 

^ Boresch, 1921A. 



286 


AWAE AND FUNGI 


Opponents^ of the theory of complementary chromatic adaptation 
hold that nutriticm effects are the sole cause for the color changes found 
in cultures of blue-green algae. The truth lies somewhere between 
the two extremes; and the color of Myxophyceae growing under natural 
conditions is a light response in certain cases only. The best natural 
example of the Gaidukov phenomenon is the universal red color of 
Myxophyceae when they grow several meters below the surface of a lake 
or other deep body of water. 

Movements of Myxophyceae. Many of the filamentous species, 
especially of genera, belonging to the Oscillatoriaceae, have the ability 
to move spontaneously. The movement may be a forward and backward 
gliding of the trichome, a spiral progression or retrogression, or a slow 
waving of the terminal portion of a trichome. Movements of Nos- 
tocaceae* are usually restricted to few-celled germlings or to short 
segments (hormogones) cut off from adult trichomes. 

The rate of movement is markedly affected by external factors, 
chief among which arc light and temperature Increased illumination 
is accompanied by an increase in the rate of movement; with increase of 
temperature from 0 to 30°C., there is a doubling of speed for each 10“ 
the temperature increases.* The rate of movement is also correlated 
with the osmotic pressure and with the diameter of the cells.^ 

Movement of Myxophyceae has been peribed to growth of the 
trichome, to osmotic currents, to the presence of cilia on the terminal 
cells, to peristaltic contractions, and to the secretion of gelatinous 
materials.* During the past 15 years most of those studying the problem 
have thought movement to be due either to gelatinous secretions or to 
peristaltic contractions. The theory that locomotion is due to a secre- 
tion of gelatinous material, although suggested quite early,® received 
but little serious consideration until it was definitely established that 
the dow locomotion of desmids is due to a slime mechanism (page 86). 
As applied to Myxophyceae, it is held’^ that forward progression is duo 
to a rapid swelling of gelatinous material secreted through the cell walls. 
Some advocates of this theory think that the gelatinous material is 
secreted through minute pores in the w'all and that rotating movements 
are due to an arrangement of the pores in two crossing-spiral series. 
The terminal cells of trichomes have been thought to be of major impor- 
tance in locomotion by secretion, but it has beep shown® that trichomes 

^ Magnus and Schluidler, 1912; Pringsheim, 1914; Schindler, 1913. 

* Castle, 1926; Harder, 1918. 

•Nienburg, 1916; Pieper, 1913; Schmid, 1918. ** Burkholder, 1934. 

• See West, 1916, for a review of the various theories. * Siobold, 1849, 

.» Pechner, 1915; Harder, 1918; PreU, 1921; Schmid, 1918, lOTl, 1983. 

•Schmid, 1923. 
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whose apical cells have been killed by reagents, as sulphuric acid, do 
not lose their ability to move spontaneously Not all recent workers 
on the problem have subscnbed to the theory of locomotion through 
slime secretion, and movements of myxophycean trichomes have also 
been ascribed^ to rhythmic waves of alteniate expansions and contrac- 
tions passing along the length of a trichome 

Vegetative Reproduction. The only regular method of reproduction 
in all genera referred to the Chroococcales is that of cell division. Ordi- 
narily, the two daughter cells remain united to each other within a 
common gelatinous envelope, and the indefinite repetition of cell division 
results in a nonfilamentous colony contammg many cells. Colony 





Fio 159 — At hormogones of Lyngbya Bvrgn G M Smith B-D hormospores of WeHidla 
lanosa rr6my (B D after Frimyt 1930 ) (A X 730, B-Z>, X 376 ) 


reproduction is a matter of chance and depends upon an accidental 
breaking of the colonial envelope. If the envelope is soft and tends 
to dissolve, the colony never grows to a large size before it becomes 
separated into two or more portions. In genera with a tough envelope, 
the colony usually becomes many-celled before it breaks into l^paller 
portions > 

Tnchomeg of filamentous genera are, from the theoretical standpoiiik 
capable of mdefinitc growth m length, but under ordmary conditions thejr 
break into two or more portions before they attain any great length. 
Breaking may be due to ammals biting through the middle of a filament, to 
the death of certain cells in the row, or to a weaker adhesion between eer- 
tain cells than between others. Instances of the last sort are mostly amimg 
genera which produce heterocysts (page 290 ), and the zone of w^ 
adhesion is where a heterocyst and a vegetative cell abut on each other. 

Many .%inento^ genera regularly delimit short aaetieas of-trighomes, 
and tl^^ ifiSRRiaiMiiss aiUvaa jmj^ant^method of BEfl!P^|^n^amonjg 


t Clinch, 1026, 1920 



288 


ALGAE AND FUNGI 


filamentous Myx9phyceae)(Fig. 159 A). Hormogones are delimited by 
a development of double concave disks of gelatinous material {separation 
disks) between two adjoining vegetative cells. The formation of hormo- 
gones and separation disks is seen to best advantage in large-celled 
species of filamentous genera with discoid or cylindrical cells. Here the 
hormogones may be but two or three colls in length, or they may be several 
cells long. .Hormogones have an even greater capacity for loconiDtion 
than do vegetative trichomes, and, sooner or later after the hormogones 
are formed, they move away from the filament iu which they were 
produced and grow into new filaments. Hormogones usually develop 
directly into typical filaments, but occasionally^ the juvenile filament 
produced by a germinating horniogone has but little resemblance to an 
adult one. 

Hormogones developed at the tips of trichomes of certain genera have 
differently shaped cells and much thicker walls (Fig. 1 59 B-D). These 
multicellular spore-like bodies are hormospores.^ They germinate directly 
into new filaments. 

Spore Formation. Zoospores and flagellated gametes have never 
been observed among the Myxophyeeae, and there is no reason for 
expecting that they will be discovered in the future. However, many of 
the blue-green algae are known to produce nonmotile spores. 

Most of the filamentous genera, except those belonging to the Oscil- 
Ijitoriaceae, regularly have certain cells of a trichome developing into 
nonmotile spores. Development of these spores begins with an enlarge- 
ment of, and an accumulation of food reserves within, a cell. During 
the later stages 6f spore development, there is an appreciable thickening 
of the wall, and this is often accompanied by a differentiation of distinct 
exospore and endospore wall layers, 'This type of spore, which contains 
the entire protoplast and in which the original wall of the vegetative cell 
is the outermost portion of the spore wall, is called an akinete. Cells 
developing into akinetes usually lie isolated from one another along a 
trichome, but in certain genera several successive cells may develop into 
akinetes (Fig. 160). An akinete may be formed at a specific place in 
a trichome, or it may develop anywhere along a trichome. If it develops 
in a specific place, it is always next to a heterocyst, either one at the end of 
a trichome or one that is intercalary in position. 

Resting spores of the akinete type, which are structures for tiding the 
alga over unfavorable periods, usually germinate into a vegetative 
filament as soon as favorable conditions return. One of the best examples 
of this is seen in the regular germination of ahjnetes of several terrestrial 

( species immediately after a heavy raiimnd a thorough soaking of the soil. 
Akinetes may retain their viability for extremely long periods, ^and it 

» Geitler, 1921. * Borzi, 1914; Frtoy, 1930; Gcitler, 1930-1932. 
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has been shown^ that there was a germination of them from samples of 
dried soil that had been stored for 70 years. However, akinetes are oot 
.ab^Utely necessary to tide Myxophyceae over long unfavorable periods ? 
since, in the experiments just cited, it was found that genera that do not 
form akinetes could withstand storage for 50 yeari^. 




B 

Fiq. 160 .' Akinetes. /I, Cyliiulrospertnum tnusdcoia Kiitz. S, Nodularia apumigena 

Mortons. ( X 9(K).) 


A germinating akinole (Fig. 161 ) usually grows directly into a more 
or le.ss typical filamcjiit, but there may he a formation of a juvenile struc- 
ture with but little resemblance to the mature trichome.^ In most 
cases germination begins with a 
transverse division of tin* protoplast, 
and there may bo several additional 
tran.sverse divisions before it grows 
through the end of the softened \ 
ruptured spore wall.'^ IjCss fre- 
quently, germination begins with a 
gelatinization of the inner spore-wall ' ^ ^ 

layer and a bursting of the outer layer. * ^ 

The undivided protoplast may ^ @ 

extruded after these changes in the W ^ ^ 

spore w’all, or it may divide trans- A C D E 

versely before it is extruded. Germ^ , iei--Germination of akiaetw 

.of Myxophycoae. A, Anabaena osetUan^ 
lings from akinetes of many species oidea Bory. B-C, a. aphaerica Born, and 




are frequeatly motile, and, up to the *»••• 

time they become several cells in 

length, they may glide backward and forward in and out of the 9 ld 
akinete wall.^ 

All genera of the ChaAaesiphonales and a few genera of other orders* 
have the protoplasts of all or of certain cells dividing to form a number of 


> Bristol, 1919, 1920. * Bristol, 1920. 

* Bristol, 1920; Fritsch, 1904; Bose, 1934; Spratt, 1911. 

* Harder, 1918. * Brand, 1M3; ^hmidle, 1901. 
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small spores. These are usually called endospores, but they are similar 
to the aplanospores of Clilorophyceae in that the spore wall is not fused 
with the wall of the parent cell. In most easos there is a repeated divi- 
sion of the enWe protoplast to form a mass of endospores that completely 
fill the old parent-cell wall, the sporangial wall (Fig. 162d). These 
endospores are usually spherical, but they may be angular because of 
mutual compression. A distinction is sometiniies made between endo- 
spore formation through bipartition of the entire protoplast and that in 
Chamaekiphon where the spores are successively cut off at the distal end 
of a protoplast (Fig. 162£). Spores produced in the latter manner have 



Fio 162. — Endospores. Dr»*mocarpa Sotrhell tnd G miner B, Chamaenphon 

incruslana Grun (I < .">10 B, X ‘>00 ) 

been called exospores, ^ but such a distinction is needless becau‘-e the 
exospore is only a special type of endospore. 

Certain of the nonfilamentous Myxophyceae may have successive cell 
divisions following one another so closely that the daughter cells are 
very much smaller than ordinary vegetative cells. These nanno^ytes^ 
look very much like endospores, but they are not true spores. * 

Heterocysts. All of the filamentous Myxophyceae but the Oseil- 
latoriaceae regularly produce the .special t 3 q)e of cell known as a heterocyst. 
They differ from vegetative cells and from spoies both in structure of 
their walls and in their transparent contents. In most genera, hetero- 
cysts are developed isolated from one another in a trichome, but there are 
a few genera in which they regularly develop in adjoining pairs. Hetero- 
cysts of some genera are always terminal in ixwition; those of other 
genera are intercalary (P’ig. 156A’, //). 

Heterocysts arise by a metamorphosis of vegetative cells and usually 
only from recently divided ones. The metamorphosis may involve a 
change in shape, but in the majority of genera theA is no appreciable 
change from the shape characteristic of a Vegetative cell. The first 
step in heterocyst formation is a secretion of a new wall layer internal 

* Oeitter, 1925, 1030-1032. 
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to that originally surrounding the cell. Depending upon the terminal 
or intercalary position of the heterocyst, in a trichome, there is a pore 
at one or at both poles of the new wall layer. Cytoplasmic connections 
with adjoining vegetative cells are usually evident through the polar 
pores, but, as the hcterocyst approaches maturity, the pores become filled 
with prominent button-like thickenings of wall material, the j^plgr 
nodules* The protoplast within a hetcrocyst becomes more and more 
transparent after the polar nodules have been formed. Preparations 
stained with iron-alum-haematoxylin show that transparency of a mature 
heterocyst is not due to a disappear- 
ance of the protoplast but to a trans- 
formation of it into a homogeneous 
viscous substance. 

The nature and function of the 
hcterocyst are topics that have been 
debated at length. Formerly there 
were quite diverse opinions concerning 
the nature of the heterocyst, but 
present-day opinion is more or less 
unanimous that it is ^sporc-likc in 
nature. The general agreomemt con- 
cerning its nature has come about' 
through the accumulation of several 
well-authenticated exceptional cascs^ 

in which a licterocyst germinates to i63.-Germiuation of heterocysts 

form a new filament (Fig. 163). The of Myxophyceao. A, Annhaeim hallensia 
, . . j X j. ir (.lancz.) Bf)rn. and Flah. Noatoc 

changes m nature and Structure of the commune Vauck C D, Anahaena Cyc- 

wall show that heterocysts are not adeae Reinko. (A-R, after GeiUer, 1921 ; 

1 1 • X rrii C-D, affrr ^prattf 1911.) CA-B. X 2,500; 

analogous to akmetes. The non- ><2.200.) 
akinete nature of the heterocyst is 

also shown by the formation and subsequent germination of endospores 
within a hctcrocyat.* These exceptional .cases seem to show that 
heterocysts arc reproductive structures, but structures which have 
become functionlcss as such, except in occasional instances. 

Although ordinarily functionlcss as spores, or sporangia, the hetero- 
cysts have in many instances taken on certain secondary functions. 
Sometimes they have a definite relationship to the development of 
akinetes, and certain genera alvrays develop their akinetes next to a hetero- 
cyst. ^eterocysts may also serve as _a.si>ecific device for inu ltiplicata^ n 
of trichomesjlthcft arc a number (^species whose trichomes always 
fragment at the point whAre two heterocysts adjoin or at the juncthre of 
a heterocyst and a vegetative cell. Genera with a true or a false branch- 

‘ Brand, 1^1, 1003; Canabaeus, 1029; Gcitler, 1921. * Spratt, 1011. 
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ing may have a definite correlation between the position of a heterocyst 
and the point of origin of a true or a false branch. 

Classification. Almost all systems for the classification of Myxo- 
phyceae divide them into three orders differing from one another in 
vegetative organization and in methods of reproduction. These three 
orders are: 

Chroococcales in which the colls are either solitary or united in non- 
filamentous colonies. The only regular method of reproduction is that 
of vegetative cell division and fragmentation of colonies. The order 
includes about 35 genera and 250 species, almost all of which are fresh- 
water. 

Chamaemphonales in which the cells are generally epiphytic and either 
solitary, gregarious, or in colonies with a tendency toward a filaimmtous 
organization. The order is sharply differentiated from others of the 
class by the regular formation of endospores. Tliore are about 30 genera 
and 130 species, most of which are marine. 

Hormogonales in which the cells are united in definite trichomes that 
always hav^e the capacity to form hormogones. Freciuently, also, there 
is a formation of akinetes, of heterocysts, or I'f both. There are about 
'90 genera and 1,000 species, a large majority of which are fresh-water. 
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CHAPTER VIII 


RHODOPHYTA 

The Rhodophyta, or red algae, are primarily distinguished from other 
algae by their sexual reproduction, in which nonllagellatcd male gametes 
are transported to, and lodged against, the female sex organ, the carpo- 
gontum. Some Rhodophyta have the zygote dividing directly into 
spores, but in most cases there is an indirect formation of spores from the 
^gote. The red algae also differ from all other algae except the Myxo* 
phyceae in their lack of flagellated asexual spores. Plastids of Rhodo- 
phyta contain a red pigment (phycoerythnn) in addition to chlorophyll. 
Semetimes there is also a blue pigment, phygocyamn. In the great 
majority of Rhodophyta, phycoerythrin is present in such quantities as to 
mask the other pigmeqts and so give the plant a distinctive red color. 
However, color is not an absolute criterion in determining Rhodophyta, 
since many of the marine species inhabiting the upper littoral zone and 
most of the fresh-water species are green, ohve-gieen, or golden brown. 

All of the Rhodophyta are placed in a single class, the Rhodophyceae. 
This class contains some 400 genera and 2,500 species.^ 

Distribution. About 60 species, belonging to a dozen or more genera, 
are fresh-water in habit. Most of them are rather closely restricted to the 
well-aerated waters of rapids, falls, and mill dams in cold, rapidly flowing 
streams. ) r 

:^An overwhelming majority of the red algae are strictly marin^ 
Tinder normal conditions all of the marine species are sessile, and in most 
cases death soon ensues if a thallus becomes detached and free-floating. 
Marine species are found in all oceans, including the Arctic and Antarctic, 
but only a small minority of the species grow in the polar seas. Geo- 
graphical distribution of the marine species is generally correlated with 
the surface temperature of the ocean. The gradual increase in tempi^a- 
ture of surface water as one passes from polar to tropical region^ is 
correlated with a change in composition of the rhodophycean elemenlia 
the flora. Most species of Rhodophyceae are confined to zones of 
amplitude of approximately S’C. of the summer temperature, but certiam 
species extend over zoneg representing lO^C. amplitude, and a few are 

^ Estimates of the number of Rhodophyta are based upon Schmitz and Baupt- 
fleisoh, 1896-X807; Svedclius, 1911. 
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known^ in zones with an amplitude of 20®C. Thirty-four per cent of the 
marine species are found in extratropical waters of the northern hemi- 
sphere, 22 per cent are found in tropical waters, and 44 per cent in the 
imperfectly known extratropical waters of the southern hemisphere.^ 

There is also great variation in the vertical distribution of Rhodo- 
phyceae at any given station. Some species grow only in the intertidal 
zone, and even here there may be a distinct zonation. On the Monterey 
Peninsula, California, where the intertidal zone is about 2 meters in 
height, there are certain species restricted to the* uppermost portion, 
others restricted to the middle portion, and still otheis restricted to areas 
exposed by the lowest tides only. Many of the species found low in the 
littoral belt also grow at levels never exposed by the tides. In most cases 
there is but little vertical zonation among the sublittoral red algae.* 
The maximum depth at which sublittoral algae will grow depends 
primarily upon the amount of light penetrating the water. This, in turn, 
depends upon the latitude and the turbidity of the water. Algae in the 
north Atlantic rarely grow below the 30-metcr level.* Here the algae 
found at the lowest levels arc almost exclusively Rhodophyceae. In 
Florida^ and in the Mediterranean,* where the water is clearer and the 
sun more directly overhead, algae have been found in abundance at the 
76- to 90-meter level. At these deepwater stations there are Chloro- 
phyceae and Phaeophyceae intermingled with Rhodophyceae. The 
greatest depth at wrhich algae have been found is about 200 meters.® 
They have been reported from much greater depths, but these records are 
considered extremely dubious. 

A majority of the littoral marine Florideae^grow upon rocks or upon 
some other inanimate substratum. There aic alho many species which 
grow upon other algae (Rhodophyceae, Phaeophyceae, or Chlorophyceae) ; 
most of them are restricted to a single host. The relationship may be one 
of epiphytism, internal space parasitism, or true parasitism. The truly 
parasitic species show more or less reduction in the amount of photo- 
synthetic pigments, and there arc certain colorless species which seem to 
obtain all of their food from the host. 

Cell Structure. Cells of certain Rhodophyceae l ack a c e ntra l vacuole, 
but those of a majority of species have a large central vacuolS tlie 
cytoplasm restricted to a tliin peripheral layer next the cell wall. The 
cell wall contains celluloso and various pjpctic compounds. In the suK^ 
class Florideae there is a pore-like opening in the wall between Sister cells 
and a relatively broad cytoplasmic strand connecting the two protoplasts. 
Cells of vegetative branches, in a great majority of species, are uninucleate 

^Setchell, 1915. *B0rge8en, 1905. 

*B0rgesen, 1905; Hoyt, 1920; Printz, 1926. ‘Taylor, 1928. 

» Funk, 1927. • Printz, 1926. 



RHODOPHYTA 


297 


at all times; but vegetative cells of certain species are multinucleate and 
sometimes^ have 3,0P0 to 4,000 in the larger cells. Resting nuclei are 
generally small, and often the only structures discernible are a sharply 
defined nuclear membrane and a large nucleolus separated from each 
other by an intervening hyaline area. 

Cells of the more primitive Rhodophyoeae generally have a single, 
centrally located, stellate chromatophore. At the center of this chromato- 
phore is a dense, colorless, proteinaceous body, the pyretioid. These 
''naked” pyrenoid'. lack the encircling sheath of starch grains usually 
found around pyrenoids of Chlorophyceae. The moic advanced Rhodo- 
phyceae generally have disciform chromatojihoies and more than one in 
each cell Chromatopliores of these cells lack pyrenoids. 

, Carbohydiate rescr\es of red algae are usually stored in the form of 
small grains that lie in the cytoplasm outside the chromatophores. 
When these grains are treated with iojjing^they become a light blown or a j 
wine^red, instead of taking on the dmjjj^juejco^ so characteristic of the! 
io^iii c- starc h lea ction f)u this account the insoluble carbohydrate 

reserve pf red algae has been called Jlondtafi Uarch It has been held* to 
be a compound intei mediate b(‘tw(‘en true staich and dextrin Partial 
proof of this is shown ])y the fa(t that diastase obtained from led algae 
digests true staich a ery slowly^ but digests dextim more rapidly ^ Many 
led algae also accunadate a 'soluble sugar, jioiulo^ide,^ it is a jalactpsidp 
of glycerol 

Pigments. Chtoinatophoies of Rhodophyieae contain chlorophyll, 
but the component latio cliffeis from that in green plants ® In addition to 
chlorophyll there is a water-soluble led pigment, phycoeiythnn The 
presence of a blue pigment, lesombliiig the phyeocyanin oi Myxophycoae, 
has been dennonstrated^ for a wide range of species, and it may possibly be 
present in all of them Variation m the propoitions of chlorophyll, 
phycoery thrill, and phycocyanin accounts for the diveisity of shades and 
color among the Rhodophyceao Intense illumination seems to favor the 
formation of phycocyanin and retaid that of phycoerythrm. Because of 
this, most frosh-wator species and marine species of the littoral zone 
rarely have the rod color chai act eristic of Rhodophyceae. Marine 
species of the lower littoral and the sublittoial zones are generally a bright 
red or pink. Analyses of the amount of pigments in sublittoral species 
show® that the red color is due to a diminution in the amount of chloro- 
phyll ratlier than to an increase in the amount of phycoerythrin. 

Lewis, 1909 * Bartholomew, 1914; Kylm, 1913 

» Bartholomew, 1914. ^avis, A R , 1915 

sCohn and Augier, 1933; Colm and Gudguen, 1030, 1933; Hass, Hill, and Ear- 
stens, 1935 

• Boreach, 1932. ’ Kylin, 1912, 1981. «Lubimenko, 1926. 
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The function of the phycoeyanin is unknown, and that of the ph^co- 
er3dihrin'' IS V matter of disputed According to* the theory of eompfe- 
mentary chromatic adaptation,^ phycoerythrin is a photosynthetic pigment 
that functions in blue light. This theory holds that practically^all Of 
the photosynthetic activity in sublittoral Rhodophyceae is effected 
through CEe phycoerythrin, because these algae are growing in an environ- 
ment where there ])a8 been a screening out of all but the blue light. 
Proof of the theory has been sought in comparative studies on the rates 
of photosynthesis when Rhodophyceae, Chlorophyceae, and Phaeo- 
phyceae are each exposed to red, green, and blue lights.* When the 
green alga Enteromorpha compressa (L.) Grev and the red alga Delesseria 
sanguinea (L.) Lamour. are exposed to weak light of different wave 
lengths, but of equal intensity,* the Entermorpha exhibits a higher rate 
of photosynthesib in red than in blue or green light, and the Delesseria 
shows but little difference in the three lights. The ratcof photosynthesis 
has also been studied when Rhodophyceae, Phaeophyceae, and Chloro- 
phyceae are lowered to various depths below the surface of the ocean 
Data obtained from such experiments'* also seem to show that photo- 
synthesis of Rhodophyceae is relatively moie active 10 to 20 maters 
below the surface than is that of Chlorophyceae and Phaeophyceae. 
Practically all of those who have sludied the phycoerythrin problem 
think that the ability of deepwater Rhodophyceae to carry on photo- 
synthesis is in some way connected with the presence of phycoerythrin. 

' Such a belief does not explain why ceitam Chlorophyceae and Phaeo- 
phyceae also function at deep levels. Photosynthesis has been shown* 
to be at the maximum when certain deepwater Rhodophyceae are sub- 
merged to a depth of 15 to 20 meters. This indicates that these deep- 
water red algae are comparable to shade-loving land plants and that, like 
them, they do not grow as well in more brightly illuminated habitats. 

The Thallus. Except for two genera, all of the Rhodqiphyceae are 
multicellular. Some of the multitpjlular genera have the cells united 
end to end in (ample or branching filaments. Others have a more complex 
plant body of definite macroscopic form and one that may be radially 
symmetrical or markedly compressed. Marine Rhodophyceae growing 
along the Atlantic Coast of the United States^generally have small thalU 
that rarely attain a height of more than 10 cm. Marine Rhodophyceae 
on the Pacific Coast of this country tend to be somewhat larj^er, but only 
a few of them have thalli growing to a height eff more than a ooeter. 

Reproduction. Red algap seldom reproduce vegetativdy by a frag- 
mentation of the thallus. All of the Rhodophyceae form one or more 

> Eagehnann, 1883, 1884 * Ehike, 1932f Klugh, 1930; Kt^lltefoit, 1934. 

* Ehike, 1932. « Ehrke, 1931; Gail, 1922; Moaffort, 1934; T^iehudy, 193A 

1922. ^ 
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kinds of nonflagellated spores. CarposporeSy found only in Rhodophy- 
ceae, are formed directly or indirectly from the zygote. All other types 
of spore are asexual in nature. These include neviral spores^ monosporeSy 
parasporeSy and tetrasporca^ Neutral spores are not formed in s^rani^, 
alid they may he produced by direct metamorphosis of a vegetative cell 
(Asterocyti^ page 301) or by direct metamorphosis of daughter cells 
formed by repeated division of a vegetative cell {Porphyray page 303). 
Monospores are always formed singly within sporangia bomO upon the 
sexual generation (Scinaia, page 323). Sometimes the sporangium may 
become detached and float away from the plant producing it, but more 
frequently there is a rupture of the sporangial w^all and an escape of the 
naked spore Tetraspores are produced within sporangia borne upon 
diploid plants, and spoie formation is preceded by a meiotic division of 
the single nuck‘Ub within the young sporangium; in practicafly all genera 
the protoplast of a tetrasporangium divides into four tetraspores. ^ Para- a 
spores are produced in coiisideiable numbers within a sporangium borne 
upon a diploid plant, and they appear to be dijiloid 

( Sexual lejiroductiou of the Rhodophyceae is unlike that of any other 
algae, and a special ter>ninology is applied to the stiuctures involved in, 
and resulting fiom, sexual leproduction The male sex organ of a red 
alga is a sptrmatangium (also called an anthendium), and it contains a 
single nonflagellated male gamete, the spermatiiim The female sex 
organ, the carpogomum, is one-c^lled, and its distal end is prolonged into 
an ontgrovrth, the tnchogy7ic Spermatia liberated from spermatangia 
may be carried to, and lodge against, the trichogyne. Fertilization is 
effected by an entrance of the spermatium into the trichogyne and a 
downward migration of the spermatial nucleus to the female nucleus at 
the carpogonial basc.^ In one subclass of red algae, the Bangioideae, 
there is a direct division at the zygote into carpospores. It is very 
probable that division of the zygote nucleus in Bangioideae is reduc- 
tional. In the other subclass, the Florideae, the carpospores are formed 
indirectly from the zygote (page 309). 

Relationships. Rhodophyceae, similar to the Chlorophyceae, are 
known with ceitainty from as far back as the Ordovician ^ They must 
have arisen long before this because the oldest known fossils are related 
to advanced memberb of the class.' However, the hypothesis® that 
Rhodophyceae are older than all other algae but Myxophyceae is based 
upon purely speculative assumptions. c 

The red algae differ so markedly in th^^ir nonflagellated r^roductive 
cell and in thW structures developed from the zygote that they appear to 
have arisen^tedepcndently itom other algae. All |jttcmpts 
Rhodophyceae with other algae have centered around’ tKe Baugialesi 
1927. ^Tilden,' 1985. 
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since this order is universally recognized as the most {IMmitive among the 
red" algae. Only two of the suggestions put forward merit serious 
consideration. 

The stellate chloroplasts, thallus structure, and method of spore 
formation in Prasiola and Porphyra are strikingly alike. ^ Because of 
this, it has been held that the Bangialcs have come from the Chloro- 
phyceae via Prasiola^ but the recent demonstration^ that pigments of 
Bangiales and Prasiola are different indicates that the two are not related. 

Myxophyceae and Bangiales are alike in that both* liave phycoerythrin 
and phycocyanin, both have a primitive ^type of nuclear division, and 
both lack flagellated reproductive cells. This has led to the suggestion^ 
that the Bangiales originated among the Myxophyceae. However, an 
evolution of Bangiales from the Myxophyceae would involve the intro- 
duction of too many new features to make such an origin appear plausible. 

• These features include: sexual reproduction, the presence of a definite 
chromatophore and pyrenoid, and a formation of a starch-like carbo- 
hydrate reserve. 

Although there are but few botanists who think that the Rhodo- 
phyceae arc related to other algae, ihovQ are many who think that the 
ascomycctes have been derived from them. This question will be con- 
sidered on a later page (page 422J^' 7 

Classification. The Ilhodophyce^ are divided into .the following 
two subclasses: 

Bangioideae in which growth of a thallus is intercalary and in which 
there is a direct division of the zygote into carpospores. 

Florideae in which growth of a thallus is strictly terminal and in which 
carpospores arc formed indirectly from a zygote. 

SUBCLASS 1. BANGIOIDEAE 

Thalli of Bangioideae may be simple filaments, branched filaments, 
solid cylinders, or expanded sheets one or two cells in thickness. Growth 
of a thallus is by intercalary cell division. There is no evident cyto- 
plasmic connection between cellh of a thallus. In most genera each cell 
contains a single central stellate chromatophore, but in a few genera they 
contain numerous parietal disciform chromatophores. 

Asexual reproduction may be by means of neutral spores or by means 
of monospores. Sexual reproduction, when present, is by a direct division 
of a vegetative cell into many spermatia, which may be carried to, and 
fuse with, a vegetative cell functioning as a farpogonium. The zygote 
thus formed divides directly into carpospores. 

^Lagerheim, 1892; Setchell and Gardner, 1920. 

*Kyli]i, 1930. ’Itthikawa, 1921. 
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There is but one order, the Bangiales, It includes some 15 genera 
and 60 species. These are placed in three families differentiated from 
one another by the manner in which asexual spores are formed. Sexual 
reproduction has not been found in many of the genera, but their syste- 
matic position is unquestioned because of their inteicalary growth and 
their lack of cytoplasmic connection between the cells. 

Asterocytis, a rare fresh-wat(T genus in thi*^ country,^ is representative 
of the simpler Bangiales. Its cells are spherical to broadly ellipsoidal. 
Each cell contains a single, bright blue-green, stellate* chromatophore with 
a single large pyrenoid at its center (Fig 164J3) Each cell is sur- 
rounded by a broad gelatinous sheath, quite distinct from the colonial 
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Fig. 104— C, A^terocytis smaragdina (Iloinsth) Forti A, portion of i filament 
/?, vegetatno oclN (, aS if/onf mo like filament D fiUment of A ramoaa (Thw ) Gobi 
after liberation of neiitnl spoic** (/^ afUr WtlU, I'JOO ) (A, C, X 325, B, X 060, 2>, 

X 240 ) 


matrix. Division is intercalary and always at right angles to the 
long axK of a coll Now anti then there i^ a change in orientation 
of an iutorcalaiy cell and a rapid division and rodiviMon of it. This 
produces a lateral branch (l'’ig 164.1). In certain colonies all the cells 
arc rounded, and divi*>iou takes place in all planes. This results in a 
palinelliod Shgonemorlike or Chroococcus-hko colony (Fig. 164C). 

Asexual reproduction is by the direct functioning of the protoplast 
of a vegetative cell as a neutral .spore. This spore is liberated* by a 
rupture of the -sunounding gelatinous sheath (Fig. 164D). A liberated 
neutral spore secretes a wall and grows into a new filament after it has 
lodged on a suitable substratum. Thick-walled akinetes are also formed, • 

‘ Smith, G. M , 1933 * Gcitler, 1924; Wille, 1900. 

* Kolderup-Roisenvinge, 1909-1924; WiUe, 1900. 
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They are surrounded by a wall at the time they are liberated from the 
thallus producing them. * 

Porphyra, a marine genus with a dozen or more species, is a common 
alga along both the Atlantic and the Pacific coasts of this country. 
Most of the species grow attached to rocks in the littoral zone, but some 
species are epiphytic and restricted to a single host. For example, along 
the coast of California, P. naiadum Anderson grows only upon the marine 
angiosperm PhyUospadix, and P. Nereocystis Anderson grows only on 
stipes of one of the giant kelps [N&reocystis Luetkeana (Mert.) Post, and 
Rupr.]. The thallus of Porphyra is a smooth to greatly convoluted thin 
blade that is attached to the substratum by a disciform or a cushion- 
shaped holdfast (Fig. 165A). Blades of most species do not grow to a 
height of more than 20 to 50 cm., but those of certain species, as P. 
Nereocystis, may attain a height of more than 2 meters. 

Europeans sometimes use Porphyra in making a soup. It is a highly 
esteemed foodstuff in the Orient, where it is used both in the making of 
soups and as a condiment. Most of the Porphyra used in the Orient 
comes from Japan, and in 1933 the market value of the year’s crop* was 
slightly more than 10,000,000 yen ($5,000,000 at normal exchange). 
Some of the crop is sold fresh, but most of it is sun-dried before reaching 
the consumer. The supply is obtained almost exclusively from plants 
cultivated on suitable tidelands, and the annual return from a good 
Porphyra farm ” may run as high as $150 per acre. 

The tidelands are prepared for cultivation by implanting numerous 
bundles ol^ bamboo or brush in the muddy bottom of waters less than 
3 to 5 meters deep. The bundles intercept and afford a lodgement for 
spores of Porphyra floating through the water. The bundles are set out 
about the first of October, and by the middle of November they are 
covered with gerralings just visible to the naked eye. The plants attain 
full size in January, and the crop is then harvested.® Plants growing on 
the bundles begin reproducing early in the spring and disappear com- 
pletely about the first of May. 

The blade of a thallus is composed of cubical to broadly ellipsoidal 
cells* According to the species, they lie in a mono- or a distromatic layer 
within a homogeneous gelatinous matrix of a very tough consistency 
(Fig. 165B). Cell division may take place anywhere in the blade, but 
it is always in a plane perpendicular to the surface of the blade. When 
a blade is seen in surface view, the cells often lie in groups of two, three, 
or four, but there is little tendency toward a further grouping in squares 
as in Prastola. P. natadum has a cushionVike holdfast composed of. 
parenchymatous ce|ls.* All other species have a disciform holdfast 

1 Japan, Department of Finance, 1935. 

* Smith, H. M , 1905; Yendo, 1019. * Hus, 1902. 
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composed of rhizoid-like outgrowths from cells in the lower portion of a 
* blade. The rhizoids grow downward within the gelatinous matrix of a 
blade and then grow outwatd after reaching its base. Emergent por- 
tions of rhizoids are usually unbraiiched, unseptate, and with but little 
protoplasm. They grow in all directions and are densely intertwined 
with one another. 



Fw. 105 -Porphyra pirforafa J Cl 4, Miillii's B A^rlinl section of vegetative 

portion of a tlnlhis C /), vortic il so<tioijM th illi ^\lth (arpogcinii and developing 
carpospoics A’, sui face mow bhow mg hi ant loiiot I irim^jpures P aniothoui e irpospores. 
G, vertical section through portion of a thalhis hlKntmg sperm itia. (4, X ^/2i B-E, G, 
X326,F, X050) 

Cells of Porphyra are without a central vacuole and contain a single 
large stellate phromatophoro with a peutrally located pyrenoid (Fig. 
165B). Chroinatophores ot species growing high in the littoral zone 
may contain so much phycocyauin that tlie thallus is a deep olive-brown. 
The amount of phycocyauin in chroma tophores of species growing in 
the lower littoral and sublittoral zones is generally so small that the color 
of the thallus ranges fron^pink to deep red. The single nucleus of the 
cell lies at one side of the chromatophore. In P. tenera Kjellm. it is a 
homogeneous body less than 2p in diameter.* As this nucleus begins 
* lahtkawa, 1921. 
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to divide a fusiform achromatic space appears at its center and this v 
space increases in size as the nucleus becomes spindle-shaped. The 
peripheral material around the central space then splits into three longi- 
tudinal filaments. Each filament then breaks transversely into two 
daughter segments that move to opposite poles of the nucleus. Migra- 
tion of the two daughter segments (chromosomes) to opposite sides of a 
cell is followed by a division of pyrenoid and chromatophore in a plane 
perpendicular to the thallus surface. The cell then divides in the same 
plane. 

Conversion of vegetative cells into reproductive cells generally begins 
at the margin of a thallus. Sometimes, as in P. perforata J.Ag., vegeta- 
tive cell division keeps pace with conversion into reproductive cells, and 
the thalli remain approximately constant in size througliout the entire 
growing season. In other species, as P. tenera Kjcllm., there is but little 
vegetative division after reproduction begins; the thallus gradually 
decreases in size and eventually disappears. 

The formation of asexual neutral spores is of rat her rare occurrenee in 
Porphyra and generally is found only in vegetative cells intermingled 
with carpogonia.^ Division of v'-egetative cells into neutral spores may be 
distinguished from division of carpogonia into carjiospores bccauM) the 
former is always in a plane perpendicular to the thallus suifacc.* llenco 
the neutral spores always lie in a monostromatic layer. 

All species reproduce sexually. Fertile regions of a thallus arc 
discernible to the naked eye because the .spermatial masses are a much 
lighter color than vegetative cells and the masses of carpospores are 
darker. Some species are homothallic, others are heterothallic. 

Sex organs of the homothallic P. ptr/ora/a ’develop in patches at the 
margin of a thallus. A vegetative c('ll dividing to form .spermatia 
undergoes succes.sive vertical and transverse divi.sion until there are 
128 colorless spermatia arranged in 8 tiers of 16 each.* The masses 
of spermatia formed from adjoining vegetative cells lie a short distance 
from one another within the gelatinous matrix of a thallus. Thalli 
exposed by the receding tide have more or less shrinking of the gelatinous 
matrix as it dries out during the intertidal <‘xposure. When the plant 
is reflooded by an incoming tide, reswelling oi the matrix squeezes the 
spermatial masses out to the thallus margin (Fig. 165t?). This mechani- 
cal action may be compared to the squeezing of toothpaste from a tube. 
The fact that spermatia are extruded upon reflooding rather than 
during intertidal exposure may be demonstrated by comparing, imder 
the microscope, dry and water mounts of n^terial collected when the 
tide is out. The extruded male elements are so small that it is uncertain 


> Hus, 1902. 


• Berthold, 1882. 
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whether they do or do not have a wall. They have been described as 
being naked^ and as having a wall.* Thus it is uncertain whether they 
are spermatangia or spermatia. Whatever their precise nature, they are 
carried in all directions by water currents, and some of them are carried 
to, and lodge against, the trichogynes of carpogonia. 

Carpogonia are formed by a slight metamorphosis of vegetative cells. 
A mature carpogonium is ellipsoidal and has a slight prominenfce at 
one or at both poles (Fig. 165C). The prominence is the trichogyne, 
and it generally extends to the surface of tlie gelatinous matrix of a 
thallus.® Union of spcrmatium and carpogonium may be gradual,^ or 
there may be a sudden inflow of the spennatium into the carpogonium. 
Both spermatium and carpogonium have been shown ^ to be uninucleate 
at the time of union, but the actual fusion of male and female nuclei 
has not been observed. Fertilization is followed by vertical and trans- 
verse division of the zygote into a number of carpospores (Fig. 165D). 
Their number and arrangement is said to be constant for any species,* 
but this is doubtful. According to the species, 2 or 4, 4 or 8, 8 or 16, 
16 or 32 carpospores are produced by division of the zygote. Each 
carpospore contains a single stellate chromatophore, somewhat darker 
in color than that of a vegetative cell. Discharge of carpospores of 
littoral species is similar to that of spermatia, and it takes place when 
thalli are resubmerged by the incoming tide (Fig. 165JS;). 

The liberated carpospores arc naked, and they move* about with an 
almost imperceptible amoeboid movement (Fig. 165F) . Amoeboid move- 
ment continues for two or three days; then the carpospores become 
spherical, secrete a wall, and develop into protonema-like uniseriate fila- 
ments. Sooner or later the cells at the distal end of a filament divide 
longitudinally, and the cells at the proximal end put forth rhizoidal 
outgrowths. 


SUBCLASS 2. FLORIDEAE 

Thalli of Florideae always have more or less evi dent cytop lasmic 
connection b etween the cells, and in almost all cases growth is strictly 
terminal. Cells of the more primitive ginera usually have a single 
stellate chromatophore; those of more advanced genera usually contain 
more than one parietal discif o rm chr QniatopbQj:c. 

“The carpoRonia are T wriTe terminally upon sMcjaLJaaafilieB (filar 

an indirect produ ctioit of^carpo apor es from the 
ca0)ogonia. Carposporea are the only .ajpqrea pr oduced by, cer^(n 

‘ Isjiikawa, 1921; Joff6, 1896 * Grubb, 1924. 

* Berthold, 1882; Grubb, 1924; Ishikawa, 1921; Joff4, 1896; Knox, 1926. 

«Knox, 1926. * Hus, 1902. ‘Grubb, 1924; Kylin, 1921. 
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genera . 'Other genera produce one or more‘t 3 rpes of spore (monoepores, 
^lysfwres, tetraspores, paraspores) in addition to carpospores. 

The subclass contains some 375 genera and 2,500 species. 

Vegetative Structure. Al l Florideae have a branched filamentou s 
t hallus . In some genera the various branches are free from one another; 
in other genera they lie more or less intermingled with one another 
within a common gelatinous matrix; in still other genera they are so closely 
applied to one another that the thallus seems to be parenchymatous. 

Increase in number of cells is due to transverse division of apical cells 
at the tips of branches.^ .With the exception of a few anomalous genera,* 
there is no transverse division of the daughter cell cut off posterior to 
an apical cell. However, derivatives from an apical cell may ineroase 
to many times their original length and breadth. Apical organization 
of a plant body is according to one of twro general types. In one case 
there is a monoaxtaP or central-filament* type of organization, in which 
there is a single axial filament that gives off filaments laterally or on all 
sid^s. In the other dase there is a mvltiarial or fountain type of organiza- 
tion with a central core of axial filaments, each giving off lateral filaments. 

' Growth of the monoaxihl type is initiated by transverse division of 
the apical cell. After a derivative has come to lie one, two, or more 
cells back from the apical initial, it sends forth a lateral outgrowth 
that soon becomes cut off as a lateral cell (Fig 166A). This cell is the 
apical initial of a lateral filament, and it functions in precisely the same 
manner as the apical initial of the central axis Cells back from the 
apical initial of a lateral filament may cut off initials of secondary filar 
ments; this may continue until there are filaments of tertiary, quaternary, 
or higher orders. Every derivative cut off from an apical initial is con- 
nected to it by a strand of cytoplasm. Thus, by following the arrange- 
ment of c 3 d;oplasmic connections, one may recapitulate the sequence of 
development in branching thalli. The arrangement of the cytoplasmic 
connections in relatively young portions of “parenchymatous” thalli 
(Fig. 166H) shows that they are filamentous in nature and generally 
of a monoaxial type. This eannot always be determined with certainty 
in older portions of a thallus because there are secondary cytoplasmic 
connections which obscure the sequence of development. 

Multiaxial thalli grow in the same manner as monoaxiaLones, except 
that each filament in the axial core has an apical cell. Lateral filaments 
from an axial filament ajrft dev^ped only on the free face not in contact 
with other axial filaments. Therefore mature portions of such thalli 
have a central core 'Of longitudinal filaments ^unrounded by an enshea th- 
ing layer of lateral filaments (Fig. 170H). * 

‘ Schmitz, 1883 * Koldemp-Bosenvinge, 1909-1924; Kylin, 1924, 1928. 

* Smith, Q. M., 1933 * Oltmamiz, 1922. 
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Thalli of some Florideae are perenniaU The entire thallus may per- 
sist throughout the year, or the major portion of it may disappear <turing 
winter and the persistent basal portion proliferate new outgrowths the 
next year. Other Florideae are annual, with all thalli developed from 
sporelings each growing season. An all-year-round survey of the algal 
flora of the Isle of Man‘ has shown that the number of perennials is 
considerably greater than that of the annuals. Most of the extratropical 
annuals develop and fruit during the summer. This tendency is not so 
marked in the perennials, and fruiting individuals of many species are 
present throughout the year. Florideae with free-living sexual and 




Fig 166 ■ -A, di'igr'iin of loosely br*inrhed inonoaMal thilhis of Chan*ranata B, diagram 
ot psoudoparenchymatous monoaxial thallus of OnniiPllia 


tetrasporie generations generally have the two fruiting at different seasons, 
but the periods of the two frequently overlap. 

Reproductive Organs of the Gametophyte. The sexual plant (gameto- 
phyte) may produce sex organs only, or it may bear both sporangia and 
sex organs. In practically all cast's asexual reproduction -of the gameto- 
phyte is due to a production of monospores which are formed singly 
within monosporangia (Fig. 175C). Monosporangia of most species are 
emergent globose bodies quite different in shape from vegetative cells. 
The monospore within a monosporangium is discharged as a naked^ 
amoeboid protoplast* which eventually comes to rest, secretes a wall, and 
develops directly into a n&% plant. There are also gametophytes with 
sporangia containing more than one spore. These polyspores may be 

‘ TCfii gtii. and Parke, 1931. * Svedelius, 1917. 
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borne in distinctive sporangia or in sporangia indistinguishable from 
vegetative cells. ^ 

Gametophytes of a majority of the Florideae are homothallic.but 
there are also many heterothallic species. The female sex organ, the 
carpogonium, is developed terminally, on a special laterally borne 
carpogonial filament. The supporting cell, the one producing the initial 
cell of a carpogonial filament, is differentiated close to the growing apex 
of a thallus. The supporting cells usually lie remote from one another, 
but they sometimes adjoin one another in a sorus-like group. Sorus- 
like fertile areas of Rhodophyceae, whether carpogonial, spermatangial, 
or sporangial, are called nematheda. Most carpogonial nemathecia lie 
at the base of caviti^ {conceptacles) developed beneath the surface of a 
thallus (Fig. 181R). Carpogonial filaments are usually readily dis- 
tinguishable from vegetative filaments because their cells lack chromato- 
phores and have denser protoplasts. Carpogonial filammiis of most 
genera are three or four cells in length and have no lateral branchlets, 
but there are certain genera (Fig. 180A) in which they are more than a 
dozen cells in length and have lateral branchlets from the lowermost cells. 

In the vast majority of species the carpogonium is the terminal cell of a 
carpogonial branch, but isolated cases have been reported® where the 
carpogonia are intercalary. Carpogonia of Florideae always have the 
distal end prolonged into a conspicuous Irkhogyne (Fig. 169/)). Several 
genera have an obvious constriction where the trichogyne adjoins the 
carpogonial base. Because of this, it has been lield® that originally the 
carpogonium was a two-celled structure. Carpogonia of most Florideae 
have a single nucleus, but a considerable number of species is known^ 
in which there is also a nucleus in the trichogyne. 

The male sex organ, the spermatangtum, is developed terminally or 
subterminally upon a spermatangtal mother cell. Sometimes the sperma- 
tangial mother cells are indistinguishable from vegetative cells, but more 
frequently they are the terminal members of branchlets in a two- to five- 
times-divided special filament. Filaments producing spermatangia may 
be borne singly upon the thallus or groi^d together in nemathecia. 

The spermatangial mother cell is always uninucleate and has the 
nucleus basal in position.^ The first step jn production of a sperina- 
tangium is a development of a protuberance at the distal end of the 
spermatangial mother cell. This is accompanied by a division of the 
nucleus And a migration of one of the daughter nuclei into the pro- 
tuberance. There then follows a ring-like ingrowth of the lateral 

‘Howe, 1914. *Koldehip-Ilo8envinge, 1909^ 924. ’Svedelius, 1917^1. 

< Grubb, 1923il; KyUn, 1914, 1916, 1616A; SvedeUus, 1914, ’1616, 1617, 1933; 
Yamanouchi, 1906, 1921. 

* Grubb, 1926. 
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wall in the region where protuberance and mother cell adjoin.^ The 
resultant uninucleate cell, the spermatangium, may be. globose’ or elon- 
gate. Many species have the mother cell regularly budding off a second 
spermatangium; there are certain species in which a third and a fourth 
are formed. 

The uninucleate protoplast (the Bpermatium) of a spermatangium is 
usually colorless, but there are a few species^ in which it contains a 
chromatophore. Many species have been shown to have a rupture of 
the spermatangial wall and an escape of the spermatium. The liberated 
spermatium is always surrounded by a delicate wall,^ but it is uncertain 
whether this is the innermost layer of the spermatangial wall or a struc- 
ture entirely distinct fiom it. Certain species have been described® 
as having an abscis'^^ion of the entire spermatangium, but this appears 
to be doubtful- Discharge of the spermatium may be followed by 
development of another sj)ermatangium witliin the old spermatangial 
wall, and this may I)o repeated* until there are the remains of several 
spermatangial walls nested one inside another 

Fertilization. Spormatia carried about by water currents may be 
transported to, and lodge against, trichogynes projecting beyond the 
thallus The sticky gelatinous sheath about the projecting portions of 
many trichogynes greatly increases the chances for adherence once a 
spermatium has lodged against it. Fertilization begins with a breaking 
down of spermatial and trichogynal walls at the point of mutual contact. 
The spermatial i^rotoplast migrat(*s into the trichogyne, after which the 
spermatial nucleus migrates dow n to the carpogonial base and there fuses 
with the carpogonial nucleu*^ ® In a few sjiecies the spermatial nucleus 
divides** as it migrates down the trichogyne, and one of its daughter nuclei 
then fuses with the carpogonial nucleus. 

Certain genera, all belonging to the Nemalionales, have been showm^ 
to have an immediate reduction division of the zygote nucleus. In 
all other Florideae except the Nemalionales, the zygote nucleus divides 
equationally, and meiosis does not take place until after development 
of the free-living tetrasporic generation. ** 

Development of Carpospores. Gametic union, with or without an 
immediately succeeding meiosis, is followed by a development of gonitruh 
blast filaments. Several species have also been thought to be partheno- 
genetic and to produce goniinoblast filaments without a preceding 

1 Grubb, 1925 * Cleland, 1919; Dunn, 1917; Osterhout, 1900. 

^Dunn, 1917; Yamanouchi, 1906. * Cleland, 1919. r 

* KyUn, 1916; Lewis, 1909; Svedclius, 1914, 1915, 1933; Ywnanouohi, 1906, 1921. 

• Cleland, 1909; Kylin, 1916A, 1917. 

» Cleland, 1919; Kybn, 19165, 1917; Svedelius, 1915, 1933-,. 

•Kylin, 1914, 1916; Lewis, 1909; Svedehus, 1914, 1914A; Westbrook, 1928; 
Yamanouchi,^ 1906, 1921. 
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gametic union. Those presumed cases of parthenogenesis are extremely 
dubious, because the prcbimiption is merely based upon a failure to 
find plants wdth speimatangia. The possibility of parthenogenesis 
among Florideae cannot be domed completely because one species has 
been shown to have a diploid gametop^te.^ Although this species 
produces tetraploid gonimoblasts after a union of two diploid gametes, 
there is also a possibility that it produces a diploid gonimoblast and 
carpospores without any gametic union. 

^^^Some Flondeae ha\e the zygote nudeus, or its haploid daughter 
nuclei, remaining in the oaipogonium, and the gonimoblast filaments 
growing directly from the caipogomal base (Fig 171C~D)* Other 
Florideae have the zygote nucleus migiaimg fiom the carpogonium into 
another cell of the thallus and an oiitgroi^th of gonimoblast filaments 
from this auxihaty cell. In some geneia the sup port ing cell of the 
c arpogomal filament functio ns as the auxiliary cell ( j'la 5n 

otlier geneia the auxiliary c('ll is a member ol' a one- or t\\o-cellpd filament 
arising fiom the supporting cell ot the carpogonial hlamcnt (Fig. 1S8B) 
In still other genera the auxiliary cell is an inteicalary cell of a special 
filament arising lemote from the ( iriiogonial filament (Fig 179B) 
There are also many genera in vhuh the auxiliary cell is an intercalary 
vegetative cell of the thallus, and one adjacent to or remote from the 
carpogonial filament (Fig 185r) Tsstablishmeut of connection between 
carpogonium and auxiliary cell is due to the development of a tubular 
outgrowth, the oobladj from the faqiogoniil base This is very short 
where carpogonium and auxihaiy cell adjoiu I'ach othei, but it is quite 
long when the two aie remote The caipogonium or cells of the gonimo- 
blast filaments may establish a \eg(tatne connedion with other cells 
o£ the thallus. These cells ha\e been ( ailed 7iut st cells- because they are 
primanly nutritive in nature. Nurse celK may be solitary or may adjoin 
one another to form a nu7se Usstie 

Gonimoblast filaments growing out fiom a carpogonium or from an 
auxiliary cell may he free from one another, or they may be compacted 
into a pseudoparenchymatous mass. A ll t he cells of a gominoblast 
filament, or the terminal cejls only, may enlarge to form wiiat are usually 
termed the “carpospores/J? "When fiiHy mature, they generally, 
always, have an W ape of the protoplast from the surrounding wall ® 
Hence the so-called carpospore is really a sporangium {carj^sporangium) 
and the naked protoplast is the real carposporo. Oarposporangia of 
almost all Florideim coq^ain one caiposporo each, but there are a few 
species (as Liagoiatetia^ponfera Bprgesen)^ m which each carposporan- 
gium contains lour carpo spores ^(Fig. 173F).'* 

» 1934 *Kylm, 19®. Kylm, 1917A* 

* B0rge8en, 1927; Kylin, 1930. 
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The mass of carpbsporangia, the sterile cells of the gonimoblast 
filaments, and the cell or cells subtending the gonimoblast filaments 
jointly constitute the fruiting body o r cystocarp . It may be borne freely 
exposed, or it may be protected by surrounolmg vegetative tissues. In 
some cases protection resulti^from an embedding of the cystocarp in the 
thallus; in other cases its piotection is due to an upward growth of under- 
lying vegetative tissue into an um-shaped sheath, the pencarp. \ • , 

Nature of the Cystocarp. All of the older and many of the'^resent- 
day phycologists interpret the cystocarp as an integral portion of the 
thallus producing it. Some 40 years ago Oltmanns* proposed an entirely 
different conception of the cystocarp. He’ suggested that, when inter- 
preted from the morphological standpoint, the cystocarp is really an 
asexual spore-producing generation parasitic upon the thallus bearing'' 
the sex oigans. Oltmann’s theory was quite generally ignored when 
first proposed, but in recent years a number ol phycologists have accepted 
it Their adheience to the theory during the past decade is best shown by 
their substitution of the term carposporophyte for cystocarp. 

Germination of Carpospores. Carpo^^porcs produced by a carpo- 
sporophyte may be haploid or diploid Germinating haploid - 
carpospores always deVelop mto gametophytes which produce sex 
organs 

Diploid carpospores liberated fiom a carposporophyte develop into a 
free-hving, asexual, diploid plant (the tefia’tporophyte) which produces 
tetraspores. This has been culturally demonstrated for a lew species with 
diploid carjiospores^ and is universally assumed to be true for all of them. 
The tetrasporophyte is usually identical with the gametophyte in appear- 
ance and structure, but there are a few species in which there are some 
structural differences 

Tetrasporophytes (except for aberrant mdniduals of certain species) 
produce only sporangia The most characteristic of these is the tetra- 
sporangtum. Tetrasporangia may be borne superficially or internally 
and isolated from one another or in nemathecia Young tetrasporangia 
of almost all species are uninucleate, and, in all* but one* of the cyto- 
logically investigated cases, this nucleus divides meiotically into four 
haploid nuclei. Young tetrasporangia of certain species contain several 
nuclei,® but all except one of them degenerate; it divides meiotically. 
Meiosis is followed by a cytokinesis that divides the sirarangial protoplast 
into four haploid tetraspores. Tetraspoies of a few species are known^ to 
develop into gametophytes, and this is assumed t^o be true for all other 
species. 

^Qltmanns, 1898. ‘Lewis, 1912, 1914k • Howo, 1917, 1918 

*Kyhn, 1914, 1916; Leww, 1909; Svedelius, 1914; Yamsnouohi, 1906, 1921. 

‘"fivedeliuB, 1936. * Svedelius, 1914A. ‘ Ilniw, 1934; Lewis, 1912, 1914. 
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Tetrasporophytes may also produce paraspores. * These are generally 
borne within sporangia whose walls are structurally different from those 
of tetrasporangia. The number of paraspores within the 'parasporangia 
borne by a single plant varies considerably. Parasporangia of most 
species contain 20 to 30 paraspores (Fig 189), but they may contain only 
one or two. It has been assumed^ that the paraspores are diploid and 
that they always germinate to form new tetrasporophytes. It is very 
probable that this assumption is correct, but as yet there are neither cyto- 
logical nor cultural data confirming it. 



^ Fia. 167. — Diagrams showing the two types of diphasic cycle found among the Uhodo- 
phyceae Diploid cells in the cycle aro outlined with a hcavj line A, the c yck in which 
a* haploid carposporophyte alternates \vith the gametoph>te the cycle in which a 
diploid carposporophyte alternates with the gametopbyte 

Alternation of Generations in Florideae. Some of the Floi idc'ao have 
a biphasic alternation of generations m which the sexual ])lant (the 
gametophyte) alternates with a parasitic asexual plant (the carposporo- 
phyte). Others are tu^iawc with the three generations (gametophyte, 
carposporophyte, tetrasporophyte) successively following one another. 
The Florideae also differ from other plants ip that alternation of genera- 
tions is not always accompanied by an alternation in nuipber of chromo- 
somes. Consequently the following three types of life cycle may be 
recognized among the Florideae: a biphasic alternation of a gametophyte 
and a haploid carposporophyte; a biphasic alternation of a gametophyte 
and a diploid carposporophyte; and a triphasic cycle in which both 
carposporophyte and tetrasporophyte are diplbid. 

‘ Kolderup-Rosenvinge, 1909-1924; ScbiUer, 1913. 

* Kolderup-Rosenvingc, 1909-1924. 
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A diphasic alternation of a gametophyte with a haploid carposporo- 
phyte (Fig. 167i4) has been demonstrated cytologically^ for certain 
Nemalionales, and there is a strong presumption that it occurs in all other 
members of the order in which the earposporangium contains but one 
carpospore. 

There appear to be three Floiideae in which there is a diphasic 
alternation of a gametophyte with a diploid earposporophyte (Fig. 167B). 
lAagora teircLspon f era B0rgesen has a earposporophyte similar in appear- 
ance to other species of the genus, but one in which the carposporangia 



Fio 168 —Diagram of the tnpharjic life cvclc among Rhodophy t eae m ^hich a game- 
tophyte, a diploid earposporophyte, tnd a tetr isporophyto sik etssively follow one another. 
Diploid colls ^n the (ycle are outlined with a hca\y line 

each contain four carpospores. It is generally assumed® that the nucleus 
in the earposporangium divides meiotically, but this has never been 
demonstrated eytologioally. This assumption is based upon the tetra- 
spore-like appearance of the four carpospores within a earposporangium. 

The other two diphasic speties with a gametophyte and a diploid 
earposporophyte seem to be derived from an ancestor with a triphasic 
cycle. Phyllophora Brodiae i (Turn ) J Ag.® has a gametophyte with 
normal sex organs and a development of filaments from an auxiliary cell 
(the supporting cell of a carpogonial branch).® Cells toward the free 
ends of many of the filaments become sporangia, each containing four 
spores, and it has been shown^ that spore formation is preceded ^by 
meiosis. The diploid nq^ure of the filaments is unquestioned, but 

^Cleland, 1919; Kylm, 1916B, 1917; Svedelius, 1915, 1933. 

• B0fgesen, 1927; Kylm, 1930^1; Svedelius, 1931. 

* Kolderup-Rosenvmge, 1929. * Claussen, 1929. 
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this plexus of filunents has considered^ a reduced parasitic tetra- 
sporophyte rather tha^ a carposporophyte. The warty, excrescent, 
tetraspore-producing mass does not look like a carposporophyte, but 
it should be considered one because it remains in organic connection 
with an auxiliary cell which is an integral part of the gametophyte. 
Other species of PhyUophora are known to be triphasic, and it is very 
probable that the diphasic cycle of P. Brodiaei arosi£;tibfbu^ a p uahiog 
back of meiosis to the carposporangium, coupled with a complete 
oTiEe tefras]|Sorophyte from the triphasic life cycle. The life cycle of 
Oymnogongrua Gnffithsiae Mart, has recently been found® to be quite 
similar to that of P. Brodiaei. 

All of the species with a free-living tetrasporophyte are triphasic and 
with the gametophyte successively followed by a diploid carposporophyte 
and a diploid tetrasporophyte (Fig. 168). 

Evolution within the Rorideae. With one exception,® all present-day 
phycologists hold that the Nemaliouales in which meiosis immediately 
follows syngamy arc the most primitive of all Florideae. The funda- 
mental feature in an advance from this condition has been a postponement 
of the time at which meiosis takes place.* The first step was a post- 
ponement of meioris to the time of carpospore formation. This resulted 
in a diphasic alternation of a gametophyte and a diploid carposporophyte. 
The next step was an omission of meiosis in the caiposporangium and a 
consequent production of diploid carpospores. This evolution of diploid 
carpospores did not involve an introduction of new genes, and as a result 
the free-living diploid plants evolved from them were identical in vegeta- 
tive structure with those developed from haploid carpospores. Thus the 
free-livii^ diploid generation is to be interpreted as homologous with 
and not antithetic to the haploid generation. The diploid generation 
thus evolved lacked sex organs and produced sporangia only. These 
sporangia seem to be hom^jAous with monosporangia of gametophytes* 
but differ from them in thwwe single nucleus divides meiotically and the 
sporangial protoplast divides to form four haploid tetrasporcs. 

The most primitive of the Florideae with a free-living tetrasporophyte 
undoubtedly had (as in the present-day Gelidiales) the carposporophyte 
growing directly from the carpogonium. When the carposporophyte 
develops upon a carpogonial branch, the amount of available food is 
limited. A much greater supply of food is available when the carpo- 
sporophyte is borne upon other parts of the plant. Thus the auxiliary 
cell must be looked \ipon as a secondary feature and one that arose in 
connection with nutrition of the developing (j^rposporophyte. 

* Kolderup-Bosenvinge, 1929; Svedelius, 1931. 

* Qiemin, 1933; Gregory, 1934. * Tilden, 1935. 

« Oteland, 1919; Svedelius, 1927, 1931. • (lelsnd, 1919. 
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ClasBificalioa. The Florideae were classified according to various 
bases until Schmitz^ showed that the most important character in a 
natural classification is the structure and development of the cystocarp 
(carposporophyte). The determination of the proper systematic 
disposition of the many genera of the Florideae has involved a tremendous 
amoimt of detailed investigation, and it is largely through the efforts of 
Kylin and his students* that Schmitz’s system has been refined into its 
present form which divides the Florideae into six orders. 

ORDER 1. NEMALIONALES 

The Nemalionales differ from all other Florideae in their lack of a 
tetrasporophytic generation. Almost all genera have the carposporo* 
phsrte developing fioin the carpogonium, but there are genera’ in yrhich 
there is an auxiliaiy cell. One species seems to have meio&is delayed 
until the time of carpospore formation; all others have it immediately 
following gametic union. The order contains some 35 genera and 250 
species These have been divided^ into seven families. 

Ncmalion is a malice summer annual which grows in the midlittoral 
zone. It is rather localized in distribution, but there are usually many 
individuals at stations w here it does grow . The plant body is cylindrical, 
sparingly to profusely branched, gelatinous in texture, and of a reddish- 
brown color (Fig. 169A). The generic name is based upon the distinctly 
worm-like appearance of the thalli as they lie clinging to rocks when the 
tide is out. 

The carpospore is naked when liberated from a carposporangium, but 
it becomes invested with a wall about the time it becomes aflBxed to a 
rock or some other tirm hubstiatum. Its germination begins with the 
protrusion of a germ tube ami a migration of the chromatophore and most 
of the cytoplasm into the tube. The nucleus moves to the base of the 
tube and there divides. One daughter nudeus remains within the old 
spore wall ; the other migrates into the tube. ® A cross wall is then formed 
at the base of the tube, and the cell thus cut off functions as an apical 
cell. Division and redivision of the apical cell produces a protonema- 
like, sparingly branched, monoaxial filament with a dozen or more cells.* 
Lateral branches of the protonema become intertwined with one another 
and develop into the adult portion of the plant body. This is multiaxial 
in organization and with many apical cells at the growing tip (qf. Cvmir 
gUna, Fig. 170fl). ^ 

*8(dumtz, 1889. 

Kylm, 1923, 1928, 1930A, 1935; S}ostedt, 1926. 

* SvQBPk%^933. * Kylm, 1932. 

» 1912A. • Chester, 1896; Kylin, 19174, 
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Mature portions of the plant body are differentiated into a colorless 
axial core and a colored ensheathing layer. The mature portion of the 
axial core is composed of closely intertwined longitudinal filaments of 
elongate cells without chromatophores or nuclei.^ The ensheathing 
layer, often called the cortex, consists of short, erect, densely branched, 
lateral filaments terminating in elongate hyaline hairs. Median cells of 
lateral filaments are barrel-shaped, uninucleate, and have a single stellate 
chromatophore containing a conspicuous pyrenoid. 

Nemalion is homothallic, but many plants appeal to be heterothallic 
because there is not a simultaneous production of the two kinds of sex 
organs. The initial of a spermatangial branch is an ordinary vegetative 
cell terminating a lateral filament from the central core. This initial cuts 
off a chain of four to seven derivatives each of which is a spermatangial 
mother cell. Spermatangial branches are easily distinguishable from 
vegetative ones because their cells are colorless or have feebly developed 
chromatophores. Each spermatangial mother cell® generally buds off 
four radially disposed spennatangia (Fig. 169B). The spermatium 
within a spermatangium contains a single nucleus and a rudimentary 
chromatophore. It is liberated by a rupture of the spermatangial wall, 
and, after its escape, a new spermatangium may develop wdthin the old 
spermatangial wall. 

The carpogonial filament is developed from an initial cell borne near 
the base of a lateral filament from the central core. The initial functions 
as an apical cell that usually cuts off three daughter cells, but the number 
formed may range from one to five. The apical cell of a carpogonial 
filament becomes the carpogonium after it stops forming daughter cells. 
The carpogonium has an elongate protuberance, the trichogyne, at the 
distal end (Fig. 169C-D). Most carpogonia of Nemalion are uninucleate, 
but occasional ones are binucleate, with an ephemeral nucleus in the 
trichogyne. 1 

Spermatia carried about by water currents may lodge against a 
trichog 3 me. A spermatium is uninucleate at the time of lodgment but 
shortly afterward its nucleus divides into two daughter nuclei.^ This is 
followed by a dissolution of spermatial and trichogynal walls at the point 
of mutual contact and a migration of one or both spermatial nuclei into 
the trichogyne. One of the spermatial nuclei migrates to the carpogonial 
base, where it unites with the female nucleus. 

The zygote nucleus increases in size and then divides meiotically into 
two daughter nuclei which lie one above the other. There is next a for- 
mation of a horizontal wall between the two^nuclei (Fig. 169-B). The 
nucleus within the inferior daughter cell eventually disintegrates. That 
within the superior daughter cell of the carpogonium divides equationally^ 

^ Cteland, 1919f * Cleland, 1910; Kylin, 1016^; Wolf, 1904. 
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and one daughter nucleus moves into a lateral protuberance g^wing out 
from the cell. A vortical wall is formed across the base of the protuber- 
ance, and the cell thus cut off is the initial of a gonimoblast filament. 



Fio. 169. — N&malion muUifidum (Webb, and Morh.) J. G. Ag. A, gametophyte. B, 
filament with spermatangiu. C-D, young and mature carpogomal filaments. E-H, early 
developmental stages of carposporophytes. I, mature carposporophyte. (A, X 
B-B, X 976; /, X 650.) 

c 

Several additional initials aje successively developed in the same manner 
lateral to the superior cell (Fig. 169F-Cr). Each initial gives rise to a 
'short, compactly branched, gonimoblast filament in which the terminal 
cell of each branchlet eventually enlarges and becomes a carposporangium< 
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The gonimoblast filamehts jointly, constitute the gonimoblast or carpo- 
8 poroph 3 rte. Food for development of the carposporophyte is obtained 
from an elongate placental cell produced by terminal fusion of the carpo- 
gonial filament cells and the inferior daughter cell of the carpogonium 
(Rg. 169 H-I). The wall of a mature carposporangium ruptures at the 
distal end, and the carpospore escapes. Liberation of the carpospore may 
be followed by proliferation of a new carposporangium within the old 
empty carposporangial wall, and several successive sporangia may be 
proliferated as the growing season progresses.^ 



B 

Fio. 170 . — Cumagloia Andersonii (Farlow) Setchell and Gardne, gamotophyte. 
fiemidiagrammatio vertical eeotion of a branch apex. (A, X X 325.) 


Late in the autumn thalli of Nemalton disappear completely, and new 
ones do not reappear until late in the next spring. The prostrate proto- 
nematal stage has been found during the winter,® and it is very probable 
that the plant remains in this stage of development during the winter. 

Cumagloia, with the single species C. Andersonii (Farlow) Setch. and 
Gardn., is widespread along the Pacific Coast of the United States. It, 
also, is a summer annual which ^sappears about the first of November 
and reappears about the first of May. The^ adult thallus* has a disk- 
shaped holdfast bearing a simple or sparingly forked blade with innumer- 

» Cleland, 1919; Kylm, 1916B; WoH, 1904. 

’Solderup-Boaenvinge, 1909-1924, * Gardner, 1917. 
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able delicate cylindrical proliferations (Fig. 170^1). The growing point 
has a group of apical initials. The mature region has a central core of 
longitudinal filaments ensheathed by a layer of erect a«siTnila.t,ing filaments 
(Fig. 170£). The assimilating filaments are more sparingly branched 
than those of Nemalton, and they do not terminate in hairs. Cells of 
the assitnilating filaments are uninucleate and have a single steUate 
chromatophore. 



Fig. 171 — Cumaglma Andersonti (Farlow) Sctohell and Gardner X-J5, young and 
mature oarpogonial fUainents C-D, «*arpogonium with >oung gonimoblast filaments. JB, 
carposporophyte with carposporangia. F, spermatangia. ( X 430 ) 

Most thalli bear only one kind of sex organs, but occasional ones bear 
both kinds. The spermatangia are borne in small clusters at the tips of 
mwimilating filaments (Fig. 17 IF). Oarpogonial filaments are diner- 
entiated close to the gro\^ng apex and laterally upon the assimilating 
filaments. They are generally three-celled. The terminal cdl develops 
into a carpogonium whose elongate trichogyne projects beyond the thallus 
(fig. 171A-B). Fertilization is effected in the usual manner, and it is 
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thought that there is an, immediate reduction division of the zygote 
nucleus. Initials of gonimoblast filaments are cut off directly from the 
carpogonium and not from a daughter cell of it as in Nemalion (Pig. 
171C-Z)). Gonimoblast filaments developed from the initials extend 
horizontally from the carpogonium and grow between the assimilating 

filaments. They produce numer- 
ous short erect branchlets toward 
the thallus exterior, and the termi- 
nal cell of each branchlet develops 
into a large elongate carpospor- 
angium.^ The mature carpospor- 
ophyte (Fig. 17 IB) is a diffuse 
filamentous structure instead of a 
compact globose mass as in most 
other Ncnialionales. The produc- 
tion of carpo&purangia is long 
continued, and new ones are suc- 
cessively proliferated within old 
empty sporangial walls that have 
discharged their carpospores. 
Food for growth of tlie carpo- 
sporophyte is obtained from the 
carpogonial filament. Its cells be- 
come much larger and have much 
broader cytoplasmic connections 
than at the time of fertilization. 

Liagora is a genus with 20 or 
more s})ecies, all of which are 
tropical or subtropical in distribu- 
tion. Thalli of Liagora are pro- 
fusely branched cylinders 5 to 20 
Fig. 172,— Liagora pinnata Harvey, cm. in height. According tO the 

species, the branching is predomi- 
nantly dichotomous or monopodial. The gelatinous matrix of the 
thallus is always calcified, and the calcification may be so extensive 
that the thalli are whitish in color and of a brittle, chalky texture (Fig. 
172). The vegetative structure is similar to that of Nemalion and 
Cumagloia. 

Most of the species are homothallic. The spermatangia are borne in 
globular or flattened clusters toward the ext^mities of assimilating fila- 
ments (Fig. 173B). The carpogonial filaments (Fig. 173 A-B) are three- 
to six-celled and borne laterally low on the assimilating filaments.^ 
» Gardner, 1917; Kylin, 1928. • B0r^esen, 1915, 1927; Kylin, 19304. 
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Fertilization of L, viacida (Forsk.) C.A.Ag. is followed by a tranvsverse 
division of the carpogonium and a development of gonimoblast filaments 
from the superior daughter cell.^ The gonimoblast filaments grow 
radially outward and lie intermingled wuth the assimilative filaments 
(Fig. 173(7-1)). Only the terminal cells of gonimoblast filaments develop 
into carposi)orangia. 

L. tetrasporifera B0rgoseii has a earposf)orophyte different from that of 
any other species. Its carpogonial filaments are three- or four-celled. 
The carpogonium divid(\s transversely aft('r fertilization, and the gonimo- 
blast filaments grow outward from the superior daughter cell. They are 
more densely compact and have broa<ler cells than those of L.viscida,^ 



Fifj. 173 —.1 E, f Angora visridn (Forsk.) (\A. Vr. A, rarpogonial filament. 5, carpo- 
gnniuin iftor tho first <li\i!sion (\ young curposiioruphyte. Dj mature oarposporophyte. 
E, aijormat ingia. F, niaturi* tMrpo‘<poro|)hyto of L. tUranporifera B^rgesen. {From 
Kylin, VMOA ) {A /i, X M)0; (', X 540; D, X 360; E, X 316.) 

L. tetrasporifera^ differs from other si)ecies in that four carpoapores arc 
formed within e«ach carjiosporangium (Fig 173F). Material has not been 
available for a eytologi(*al investigation of earpospore formation, but 
there is a general btdief^ that nu^iosis is delayi'd until the time the carpo- 
spores are formed. The cliief basis for this belief is the similarity in 
appearance of these carposporangia and tetrasporangia of genera with 
tetrasporophytes. If this assumption is correct, L. tdrasporifera has an 
unusual life cycle in which there is a biphasic alternation of a haploid 
gametophyie with a diploid carposporopiiyte. 

Scinaia is one of the few Nemalionales in which tho carposporophyte 
is surrounded by a pericarp. It is also of interest because it ii§ the genua 

1 Kylin, 1930A. * B0rj?eaen, 1927; Kylin, 1930A. 

»B0rgcson, 1927; Kylin, 1930A; Svcdclius, 1931, 
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where meiosis was first demonstrated among the Rhodophyta.^ Scinaia 
is a marine genus of world-wide distribution. There are about a dozen 
species.^ Two of them have been recorded from the Atlantic Coast of 
this country and one from the Pacific Coast. All three are rare alghe. 

The thallus is erect, is cylindrical to subcylindrical, and has several 
successive dichotomous branchings (Fig. 174). The growing points are 
multiaxial and have many apical cells. Mature regions of a thallus have 
an axial core of colorless longitudinal filament.^. The axial core is sur- 
rounded by an encircling layer of corymboscly branched filaments that 
stand vertical to it. The outermost branchlets of the corymbose fila- 
ments are compacted into a pseudoparenchymatous tissue whose cells 



Fig. 174.--Gametophyto of Scinaia fur cellcUa (Turn.) Bivonn. (Natural nzo.) 

contain chromatophores. Terminal cells of many of the branchlets 
enlarge to several times their original size and become colorless (Fig. 175A). 
These cells constitute the colorless epidermis-like layer at the surface of a 
thallus.* 

The gametophyte of Scinaia reproduces asexually by means of mono- 
spores.* They are formed in monosporangia borne at the tips of branch- 
lets which have grown out between the “ epidermal ” cells. The terminal 
cell of a branchlct is a mother cell which buds off either one or two mono- 
sporangia (Fig. 175C). A monos|}orangium contains a .single haploid 
nucleus, and the entire protoplast becomes the naked monospore that is 
liberated by rupture of the sporangial wall. Liberation of the monosporo 
may be followed by proliferation of a new monosporangium within the* old 
sporang^l wall. * The method of germination of monospores is unknowm. 

Gametophytes of Scinaia may be homothallic or hetcrothallic. The 
spermatangia lie in large or small sori scattefed over the thallus surface. 
They are borne upon branchlets of filaments which grow up between and 

» Svedelius, IQl.-i. * Stetchcll, 1914. • SetcheU, 1914; SvedeUus, 1916. 
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project beyond the “ epidermal ” celk ^ The terminal cell of each project- 
ing branchlet is a bpermatangial mother cell that boars two or three 
spermatangia at the distal end Each spermatangium contains a smgle 
spemiatium which is liberated by a rupture of the spormatangial wall 
(Fig 175Z)). Development of spermatangia may continue for some time, 
because new spermatangia may be proliferated within walls of old empty 
ones. 



Fig 175 — Scimna f ircdlcUi (Turn) Bivoni A sottioii of \cget region 'with 
young epuiermdl rolls B tho siinc with mituro epidr rm il re Us ( monospor iiigi'i D 
spermat ingi X {From Suddiu^t 1915) {A B X SIS ( X 510 D X tiOO ) 


Carpogonial filiinents an* foimed close to the 8;lu^vlug apex and upon 
vertical filaments from the e( ntial axis (Fig 170 1) A carpogonial fila- 
ment 16 ) thiee-ielkd and his the tcimmal odl metamoipliosmg into a 
carpogomum with a long tiu hogyne Snnaia is one of the few Flondeae 
where there ih a micleufe both in tlie trn hogyne and in the oaipogomal 
base.* Shortly before fertilization the median cell of a caipogonial fila^ 
ment cuts off foui large cruoiately disposed nurse cdh, each densely fille^ 
with protoplasm (tig 1761?) At the samo time there is a development 
of upwardly cuived &teiil% filaments fiom the lowernjost carpogonial 
filament cell These cmved filaments become the um-shaped pericarp 

‘ Svcdrlius, 1915 
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which surrounds the mature carposporophyte. A mature pericarp lies 
embedded just within the thallus surface, and it has an opening, the 
ostiole, at the distal end 

Immediately after feitilization there is a migration of the zygote 
nucleus into one of the nurse cells (Fig 1760 There it divides meiotic- 



Fia 17G — Setnata fuirrl (at a (TurTi) Bivoni 1 li ind mUiire rarpoRoniil 

filament C, after migration of the zvpoU nude us into oiio ot th( nurse pcIIm ]) tJ ouly 
stages in doveiopnient of r irposporupiiytes I' matuie ii)osp( roplivtc with its sur- 
rounding pericarp. {From Svedflius, 1915) (1 IS X 515, (, X l.l'iO, D, X *^40, E, 

X 345 ) 

ally into four haploid daughter nuclei ^ One of these nuclei migrates into 
the gonimoblast primordium which grows up through the old empty 
carpogonium (Fig. 176Z>”JS)- The gonimoblast primordium develops 
into an outwardly divergent and prof usely» branched system of gonimo- 
blast filaments which fill most of the space within th(' peri(*arp Three or 

* Svedelius, 1915 
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four of the outermost cells of certain branchlets of a gonimoblast filament 
develop into carposporangia. Other branchlets remain sterile and 
develop into paraphyses (Fig. 176F). The nucleus of the single carpo- 
ppore within each carposporangium has the haploid number of chromo- 
somes. Eventually there is a liberation of the carpospores by an apical 
rupturing of the carposporangial wall. Although not demonstrated by 
cultures, there is every reason for believing that the liberated carp(«spores 
develop directly into gametophytes. 

ORDER 2. GELIDIALES 

The Gelidiales are the only tctrasporophytic Florideae in which the 
carposporophyte develops directly from the carpogonium. There is but 
one family, the Gelidiaceae, and it contains about a half dozen genera. 

The type genus, Gelidiuntj is a widely distributed marine alga with 
many species. It is a perennial plan! in whudi new shoots are proliferated 
from the persisting basal portion eacdi growing season. The thallus is 
cylindrical or flattened, piimately branched, and of a lough consistency. 
In many species the branchlets bend away from the axis in a gcmiculate 
fashion and arc constricted in the basal portion (Fig. 177A). 

Gelidium is the chief source of the commercial product known as agar 
or vegetable isinglass. This substance is widely used in industry as a 
solidifying agent m foodstuffs, in the sizing of textiles, or in the clarifying 
of liquids. It is also lused as the solidifying agent in a wide \ariety of 
culture media in biological laboratories. 

Japan produces more than 95 per ccmt of the agar marketed and in 
1933 the annual production was valued^ at 3,200,000 yen ($1 ,600,000 at 
normal exchange) . Some ot the Gdidiuvi used in the manufacture of agar 
is gathered in the intertidal zone, but most of it is collected by divers. 
The collectors dry the algae and then sell them to manufacturers of agar. 
Agar is manufactured during the winter months only and preferably in 
mountainous regions where the air is dry and iiure.^ The manufacturer 
of agar removes all foreign matter from the dried algae, washes them in 
running fresh water, and spreads them out to bleach on bamboo racks. 
The dried and bl(*ached algae are then boiled in a kettle over a specially 
constructed furnace. Boiling extracts the vegetable gelatin and this is 
separated from the pulpy residue by filtering through cloths. The filtered 
liquid is run into shallow wooden troughs and allowed to cool. After 
attaining a certain degree of hardness, the cooling mass of jelly is cut into 
blocks in order to facilitate handling. The blocks may be spread outf to 
dry, or they may be cut into small sticks which are allow^ed to dry. 

Thalli of Gelidium have a single apical cell at each branch apex. The 
derivatives cut off at the posterior face of an apical cell mature into the 

» Japan, Department of Finance, 1935. * Smith, H. M., 1905. 




Fio 177 — A-Di F Gdtdtum cartilagineum GaiU A, thallus B, diagrammatic 
vertical section of a thallus apex young and mature tetrasporangia E, germinat- 

ing tetraspores of O eavdlaceum (Qmel ) Kutz F spermatangia (j&, after KtUtarif 1914 ) 
(A, X Vz B-D, X 650, F, X 430 ) 


lateral filament ^ The tips of these lateial filaments are compacted into 
th** pseudoparenohymatous tissue which forms the surface of the thallus. 

Oehdtum differs from most other Amencai^Flondeae in that the thalli, 
both sexual and tetrasporic, usually fruit dunng the late autumn and 

* &ylin, 1928 
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winter months. Gametophytes of G. carhlaginevm Gaill. are hetero- 
thallic. The spermatangia are borne in elliptical sori (nemathecia) on the 
flattened sides of branchlets of male plants (Fig. 177F). A spermatangial 
mother cell usually bears two spermatangia which become transversely 
divided after they are cut off.^ 

Fertile branches of female gametophytes are macroscopically dis- 
tinguishable from vegetative blanches on account of their indented 
apices. Carpogonial filaments are developed on the flattened sides of 
fertile branches and close to the growing point The carpogonial filament 
is one-celled, and it is borne upon the lowennost cells of a vegetative fila- 
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Fig 178 —Gpitdium cartilao4.neum GsnW DiaRDmm vtio lonj^itudmal seotions of thalli 
with developinji; carposporophytos 1, c irpogoniuin and oarposonium producing first 

gonimoblast Wdment. carpospoiophyte with very voung carposporangia (\ carpo- 

sporophyte with mature carpospoi ingi i (( pyn , ( 'irpogoniuni ('pa c irposporangium; 
Oon , goiumobUst filament, N Tia , nurbo ne ) C 1 ZJ, X 300, C\ X 210 ) 

ment growing out from tho central axi^. The single cell of a carpogonial 
filament metamorphoses into a carpogonium \\ ith an elongate trichogyne 
that is inflated in the distal portion (i ig 1784) ('arpogonial develop- 
ment is accompanied by an outgrowth «»f small-called filaimmts from the 
basal (pericentral) cells ‘ of vegetative filaments. The cells of these 
special filaments aie densely packed with protoplasm, and they serve as a 
nurse tissue for the growing earposporopiiyte. The gonimoblast filament 
growing out from tho base of a carpogonium is many-celled and sparingly 
branched. It grows longitudinally along the axial filament and between 
the nurse filaments (Fig. 1785). Eventually it forms numerous erect, 
one-celled, lateral branchlets which develop into carposporangia (Fig. 
178C). It is very probable that tho interwoven mass of gonimoblast 
filaments about &n axial filament has grown out from several carpogonia. 
Thus the “cystocarp” of Qehdxum is to be interpreted as an aggregation 

> Kylin, 1928. 
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of carposporophytes rather than as a single one. Development of the 
carposporangia is accompanied by an upward arching of the overlying 
tissues and difFerontiation of an opening (ostiole) in one or in both of the 
flattened sides. Carposppres liberated from the carposporangia float out 
through these pores and are carried about by water currents. 

Germlings produced by germination of carpospores Iiavc not been 
grown to maturity, but there is no doubt that they develop into tetra- 
sporophytes. Mature tetrasporophytes of Gelidium are indistinguishable 
from mature gametophytes when the two are in a sterile condition. 
Fruiting tetrasporophytes may be distinguished by their swollen fertile 
branchlets. The tetrasporangia lie close to one another along the 
flattened side of fertile branchlets, but they are not organized into 
nemathccia. The tetrasporangia arc superficial in position when first 
differentiated, but they gradually become embedded in the thallus through 
an upgrowth of adjoining vegetative tissue (Fig. 177C-D). A young 
tetrasporangium enlarges to several times its original size, and the nucleus 
within it divides to form four daughter nuclei. Undoubtedly, as is known 
for several other tetrasporophylic norideae, this nuclear division is 
reductional. The four-nucleate protoplast within a tetrasporangium 
divides quadratoly into four tetraspores which are liberated by a gelati- 
nization of the sporangial wall. 

The liberated tetraspore is naked, but it is enclosed by a wall at the 
time of germination. This begins with a protrusion of the entire proto- 
plast and a formation of a transverse wall separating tlie protrusion from 
the old empty spore wall.^ The protruded cell divides transversely and 
one of the daughter cells sends out a long colorless rhizoid (Fig. 177-B). 
The two successive diagonal divisions of tlu* cell with the rhizoid, or of its 
sister cell, produce an apical cell which continues all further growth of the 
new gametophyte. 


ORDER 3. CRYPTONEMIALES 

The Cryptonemiales are the only tetrasporophytic Florideao with an 
auxiliary cell borne in a special filament of the gjimetophytc. Filaments 
producing the auxiliary colls are markedly different from vegetative 
filaments. The order contains some 85 genet a and 650 species. They 
have been divided'^ into nine families, differing from one another in the 
position of auxiliary cells, in the thallus structure, and in the structure of 
the carposporophjrtc. 

Filaments with auxiliary cells resemble carpogonial filaments in that 
their cells lack chromatophores and are dcnspsly filled with protoplasm. 
Thus they appear to be modified carpogonial filaments. However, the 

I KiUian, 1914. » Kylin, 1932. 
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carpogoniuni and the auxiliaiy cell cannot be considered homologous,^ 
because the foimer is always terminal in position and the latter is always 
intercalary 

Cryptonphoma is a marine genus found only in the Pacific Ocean. 
There aie two species, one of which, C Woodii .1 Ag , is widespread along 
the coast of C^alifoniia The thallus is a slightly compressed sparingly 
Jjianched cylinder with numerous shoit, pmnately disposed branchlets on 
the major brandies (Fig 179A) A bianch tip has a single apical cell. 



B 


luj 17S ( n/pto^if hnma Woodn T (t Ag A truitiiig fomile ganietophj te B, 

diagi iiriiii iO( lungitudin il hO( ti( ii of \ fntile braiic li in \\hi( h 1 1 iriiOKonium his fused with 
a nurse fdl ind thin sent oolilist hlinuntH to two luxilnrv «ell filirntnls {Aux C , 
auxili ir\ < cll A ( F il unili irv < < 11 hlimtnt ( iHjn < o*,)OKonium Cp Fd ( irpogomal 
filiment Gon In goniniobl ist initial A ( nurse rdl d>//,ooblist /r tnehogyne ) 
(A B. X liS) 

Each axial ( ell ( iit off posteiior to the apit al cell foim^ two pauentidl celh 
that he at an angle of 90 degrees to each othei ^ The pans of peiucntral 
cells borne on siutessue axial filament cells alttunate with one another. 
Each pericential (ell gives rise 1o a filament m which all secondary 
branchlets he dose to one another. Thus, inatuie portions of a thallus 
have an outei pseuclopaienchymatous tissu(‘ sunounding an inner, 
loosely blanched tissue with a single conspicuous axial filament. 

The striictuie of the spermataiigia is as yc't unknown. Fruiting 
female gametophytes av% macroscopically recognizable because of the 
spindle- diaped h'rtile branv.hlets Both the carpogonial and the auxiliary , 

‘ Kvlin, I930A; Sjobtedt, 1926 
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cell filam^te develop on the adeudal face of lateral filaments from the 
pericentral cells (Fig. 179B). The carpogonial filaments differ from those 
of most other Florideae in that they are 7 to 10 cells in length and have 
lateral branchlets from the lowermost cells. ^ The terminal cell of a 
carpogonial filament becomes a carpogoniiim with a very long trichogyne 
whose basal portion has a couple of spiral turns (Fig. 180.4). The apex of 
the carpogonial filament is always recurved in such a manner that the 
carpogonial base adjoins the third cell below it. This is the nurse cell. 

After fertilization there is a fu-sion of the carpogonial base with the 
nurse cell (Fig. 1805). Certain other Cryptonemiales are known* to 



Fig. 180 . — Cryptosiphonia Woodti J G Ag A, carpogonial filament before fusion of 
carpogomum and nurso cell carpogur il filament after fusion of carpogonium and 
nurse cell, and after sending forth of ooblast C />, auxiliiry cell filaments with young 
and old carposporophytes growing from the auxiliary cell Note that the carposporophyte 
develops on the side of an auxiliary cell fused with the ooblast. ( X 350.) 


have a migration of the zygote nucleus, or one of its daughter nuclei, into 
the nurse cell, and it is very probable that the same is true for Crypto- 
siphonia. The nurse cell then sends forth a tubular outgrowth, the 
ooblastf which grows to, and fuses with, one of the medial intercalary cells 
of ail auxiliary cell branch. Three or four of the median cells of the 
branch are potential auxiliary cells, but only one of them is functional. 
It is thought that a diploid nucleus migrates to the auxiliary cell through 
the ooblast. The auxiliary cell next produces gonimoblast filaments from 
the side that the o(>bla.st entered (Fig. 180C-D). An auxiliary cell may 
begin to develop gonimoblast filaments iramefliately after it receives a 
• diploid nucleus, or it may send out a secondary ooblast that grows to 

^Kylin, 1930A; Sjostedt, 1926 *Kyiin, 1928, 1930A; OltmaniiH, 1898. 
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another auxiliary cell branch. Thus more than one carposporophyte may 
be produced as a result of a single gametic union. The carposporophyte 
consists of a compactly branched mass of gonimoblast filaments in which 
each coll eventually develops into a carposporangium. Sooner or later 
there is a disintegration of vegetative tiasues external to the carposporo- 
phytes. This exposes the carposporangia and permits dispersal of the 
carpospores liberated from them. 

Tetrasporophytes have their tetrasporangia embedded just within 
the thallus surface. Th(‘ protoplasts of tetrasporangia divide to form 
four quadrately tlisposed tetraspores. 

The CoraUinaceae are Cryptoncmiales in which the plant body is 
strongly calcified. Some genera have a crustose thallus wliich is entirely 
calcified; other genera have an erect jointed thallus in which the internodes 
are calcified and the nodes uncalcified. It is now known' that calcareous 
algae contribute more to the upbiulding of coral reefs than do the coral 
polyjjs and otlu'r animals. These calcareous algae include the Corallin- 
aceae and certain siphonaceous Chlorophyct ae, but the former are by far 
the most important as reef builders. 

Lithothaninion, oncvof the crustose CoraUinaceae, is a large genus with 
some 125 species. Most of them grow upon rocks, but certain species, 
including L. mcinbranaceum (Ksper) Fo&lie [EptlUfion membranaceum 
(Ksper) Heydrich} and L. mediocre (Foslio) Foslie and Nichols, grow 
epiphytically upon various algae and upon the leaves of marine angio- 
sperms. The thalli of h. membranamm and L. mediocre are eircular in 

outline, are 3 to 8 mm. in <liameter, and have the cells radiating from a 
common center. Sterile thalli of these species arc monostromatic at the 
margin and distroroatic at the center. Fruiting thalli are several cells in 
thickness and with the cells in vertical rows. In L. membranauxum the 
increase in thickness has been shown® to be due to division of the lower cell 
in distromatic portions of a thallus. Thus, growth of the vertical fila- 
ments is intercalary and not terminal. 

Gametophytes of L. membranaceum and L. mediocre are heterothallic. 
Spermatangia and the carpogonial filaments arc borne in nemathecia 
which lie in conceptacles produced by an upgrowth and overarching of the 
adjoining vegetative tissue. The conceptacles, both male and female, 
open externaUy. The orifices of the conceptacles are the minute pin 
pricks one sees when a thallus Ls viewed from above with a hand lens. 

Every basal cell of a spermatangial nemathccium produces an upright 
spermatangial filament in which most of the cells cut off two spermatafigial 
mother cells. Several qpermatangia are successively developed upon 

‘ Howe, 1933; Setchell, 1926, 1929. 

• JCpldemp-RoBonvinge 1909-1924; Kylin, 1928. 
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each mother cell, and the spermatia liberated from them may accumulate 
to such an extent that they completely fill the conceptacle (Fig. 181A). 

The basal cells of female nemathecia send up erect, unbranched fila- 
ments. The filaments in the central portion of A nemathecium are three- 
celled carpogonial filaments in which the terminal cell is the carpogonium. 
The carpogonium Las a long trichogyiie that projects through the orifice 
of the conceptacle (Fig. 181B), Filaments towaid the periphery of a 



Fk* 181 — LUhothammoft mabocre (Foslie) Foslie and Nirhols Scmidi irf immatic 
vertiral sections of nemathecia I, spermat ingial nemathirinm li D stages in devel- 
opment of cysto(arpic nemithcda B with cirpogoniil hlirnents before fertilization. 
C\ fusion of ooblast filaments ^^lth basal rells of rarpogoiiial and auxiliaiy cell hlaments. 
D, with developing carposporangia ( X f>50 ) 

nemathecium are two-celled auxiliary cell filainc'uts. In the case ot 
Liiholhamvion the carpogonial and auxiliary cell filaments appear to be 
homologous structures. The carpogonial and auxiliary cell filaments are 
so densely crowded in a nemathecium that it is impossible to determine 
the precise manner in which diploid nuclei reach auxiliary cells at the 
nemathecial periphery. It is thought^ that the carpogonium unites with 
the underlying carpogonial branch cell and ttftit the ooblast grows from 
this cell to the lower cell (auxiliary cell) of an auxiliary cell filament at the 


1 Kjrlin, 1928, 
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nemathecial periphery (Fig. 181C). The auxiliary cell filaments and most 
of the sterile cells of the carpogonial filaments then fuse with one another 
to form a large disk-shaped placental cell. Two- or three-celled gonimo- 
blast filaments grow out from the placental cell margin^ and the terminal 
cell of each gonimoblast filament develops into a large carposporangium 
(Fig. ISID). It is very probable that several of the carpogonia in a 
nemathecium send out ooblasts to auxiliary cells. Hence the placental 
cell may be the product of a fusion of a group of carposporophytes instead 
of a fusion of a single carposporophyte and one or more auxiliary cell 
filaments. 

Fruiting of totrasporophytos begins with an upgrowth of erect fila- 
ments from the lower cells in the distromatic portion. Some of the erect 


CJ o o 




FitJ. 182 . — Lilholh amnion mediocre (Foslie) Foalie and Nichols. Development of 
tetraaporic cmifeptnrlrs. -4, shortly after difTorentiation of ' totrasporaiiKia. B. with 
nearly mature tetrasporungla. ( X fi50.) 


filaments in a future fiirtile area remain sterile. They generally have 
one dichotomy at the distal end.* The fertile filaments are always 
unbranched. Cessation of upward growth of a fertile filament is followed 
by a gelatinization of the outermo.st cell and a conspicuous elongation of 
the underlying cell, the tetrasporaugium (Fig. 182 j 4). The tetrasporan- 
gium increases greatly in size, and its protoidast divides transversely into 
four tetraspores. Enlargement of tetrasporangia is accompanied by a 
disintegration of laterally adjoining portions of the sterile filaments 
(Fig. 182/f). There is no disintegration of the outcriaost portion of the 
sterile filaments, for they persist and constitute the roof of the cavity (con- 
ceptacle) containing the mature tetraspores. Tetrasporic conceptacles 
differ from those of gametophytes in that they have several minute pdter 
like openings, each formed by disintegration of a terminal cell of a fertile 
filament. 


1 Kylin, 1928. 
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ORDER 4. GIGARTINALES 

The Gigartinales are the only tetrasporophytic Florideae in which tb® 
auziliaiy cell is a vegetative cell of the gametophyte. In some genera the 
auxiliary cell is the supporting cell of a carpogonial branch; in other 
genera it lies in vegetative filaments remote from the carpogonial filament. 
The order includes some 65 genera and 500 species. These have been 
divided into 20 families.^ 



c 


Fio. 183 — Iridaea «t>rdal» (Turn '' T G Ag A, thalliM B, vertical section of vege* 
tative portion of thallus C-D, \ertioal sections of totrasporophytes with very young 
and mature tetrasporangi a (A, X ^ 3 , B Z>, X 050) 

Irtdaea is representative of the genera in which the supporting cell of a 
carpogonial filament is the auxiliary coll There are 10 to 15 species, and 
most of them are foimd only in the Pacific Ocean. I. cordata (Turn.) 
J. G Ag is a common alga in the midlittoral zone along the Pacific Coast 
of this country. It has a more or less disciform holdfast that bears several 
large, irregularly convoluted, oval blades wit^ acute apices (Fig 183A). 
Thalli of I cordata are perennial and the overwintering holdfast regener- 
ate new blades each spring. Blades of individuals growing high in the 
»KyUn,'im 
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sublittoral zone are olive-brown; those of thalli growing near the mean 
low-tide level arc purplish. The generic name is based upon the irri- 
descent sheen of blades when they are submerged. 

A blade has a multiaxial growing point. Mature portions of a blade 
have numerous parallel, colorless, longitudinal filaments at the center and 
numerous short erect filaments at the exterior (Fig. 183 jB). The erect 
filaments are compacted into a pscudoparenchymatous tissue containing 
many chromatophorcs. 



Pio. 184. — Iridaea eordata (Turn.) .1. G. Ar. A, oarpoRonial filament. B, auxiliaiT 
cell Bending forth gunimoblaKi (ilninpiita. C, mass of r.irposporniigia. All liguros semi- 
diagrammatic. (A, X 650; B, X (', X 215.) 


Gametophytes of /. eordata aro hotorotliallic. The male plants 
prexiuce siiermatangia in irreg ula rly shapeal sori home on the flattened 
sides of blades. The spennatangial mothea cells are supfjrgcial cells o^a 
tballus, and each of them generally cuts off two spermatangia.^ , f 

Carpogonial filaments are differentiated near the growing apex of a 
female gametophyte and ar® borne upon a large multinucleate 8up{mrting 
cells which lie close to the thallus surface. The carpogonial filament is 


» Kylin, 1028 . 
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three-celled and so oriented that the carpogonial base adjoins the support- 
ing cell ^Fig. 184^). Fertilization is followed by an establishment of a 
short tubular connection between carpogonial base and supporting cell 
(now the auxiliary cell) . Certain other Gigartinales are known* to have a 
migration of the zygote nucleus into the auxiliary cell, and it is very 
probable that the same is true in Iri^aea. The auxiliary cell sends forth 
several gonimoblast filaments that grow toward the thallus interior 
(Fig. 184B). They branch freely, intertwine with one another, and ulti- 
mately -develop into a massive globose carposporophyte. All food for the 
early development of a carposporophyte is derived from the auxiliary cell. 
Later on, vegetative cells adjoinmg the earposporophyte differentiate into 
a nurse tissue which furnishes additional food. The gonimoblast fila- 
ments of the earposporophyte bear many short lateral branchlets in which 
each cell develops into a earposporangium. The mature earposporophyte 
lies deeply embedded within the thallus and is a globose mass of earpo- 
sporangia (Fig. 184C). 

The tetrasporophyte develops tetrasporangia internally and in local- 
ized patches among the longitudinal axial filaments. An axial filament 
first sends forth short filaments composed oi globose cells densely filled 
with protoplasm (Fig. 183C). Each globose cell of a filament develops 
into a tetrasporangium whoso protoplast becomes quadratcly divided into 
four tetraspores (Fig. 183 jD). 

Agardhiella, a genus with three species, is representative of the 
Gigartinales in which a vegetative cell remote from a carpogonial branch 
becomes the auxiliary cell. It is a rather common alga of the littoral 
zone along both the Atlantic and Pacific coasts of this country. 

Agardhiella has a cylindrical, branched plant body which is attached 
to the substratum by a discoid holdfast The erect portion has numer- 
ous alternate branches tapering at both base and apex (Fig. 185A). The 
growing points are multiaxial. Mature ix>rtions of a branch have a 
central core of more or less parallel, colorh-ss, longitudinal filaments 
ensheathed by a layer of erect, dichotomously branched filaments whose 
cells are progressively smaller from base to apex. 

Gametophytes of Agardhiella are helerothallie. Male plants produce 

spermatangia in sori of varying size that are borne upon young branches.^ 

A superficial cel^of the thallus bears three to five spermatangial mother 
ce|l8, each of which cuts off two or three spermatangia. 

Carpogonial filaments are differentiated lesil than 1 mm. back from 
growing tips 'of female gametophytes. They are borne adaxially upon 
laments perpendicular to the central core and generally upon the next 
to the lowermost cell. The carpogonial filaments are three-celled, and 
at first grow toward the center of the thallus. As the trichogyne elon- 

* Kylin, 1923; Sjbstedt, 1923. * Kylin. 1928: Oaterhout, 1898. 
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gates, it bends through an arc of 180 degrees, and its distal end grows 
to the thallus surface (Fig. 1855). The carpogoniura is always uni- 
nucleate; the other two cells of a oarpogonial filament contain two to 
five nuclei each. The auxiliary celF is an intercalary cell midway between 
base and apex of a vegetative filament perpendicular to the central 
core. An auxiliary cell is immediately distinguishable from other 
vegetative cells because of its denser protoplast (Fig. 185C). Sometimes 
it lies in a filament bearing a carpogonial filament, but more often it is 
in one without carpogonal filaments. 



poriion of thallus with c iipoKoniil iilamont C , portion of thalluH ^\ith auxiliary cell 
fUanient (il, X 'if X 450) 

Fertilization L followed by an outgrowth of a long delicate tube, the 
ooblast, from the carpogonial base to an auxiliary cell.^ The zygote 
nucleus then migrates thiough the ooblast into the auxiliary cell. There 
is a considerable delay between entrance of the zygote nucleus and 
production of the first gonimoblast filament from the auxiliary cell. 
During this time, adjoining vegetative cells send out tubular processus 
that cut off small cells densely filled with protoplasm (Fig. 186A). 
These cells develop into a nurse tissue surrounding ihe developing 
carposporophyte. Differentiation of the nurse tissue is accompani^ 
by an upgrowth of overlsring tissue to form the opening, ostiole, through 
which the carpospores eventually escape. The gonimoblast initiifl 
cut off from an auxiliary coll develops into a radiately branched spherical 
mass of intertwined gonimoblast filaments (Fig. 186J3). Most of the 
filaments lie internal to the nurse tissue, but some of them are haustorial 

‘ Kylin, 1928; Osterhout, 1898, 




Fig 186 -Agardhidta CouUen (Harv ) Setrholl A, portion of «i female gametophyte 
containing an auxiliary cell (Aux C ) that has formed the first cell (Gon ) of a gonimoblast 
filament B, diagrammatic vertical section of a carposporophyte with young carpospor- 
angia. C, tetrasporangium (A, X 430, B, X SO, C\ X 3^5 ) 


evidence that titraspores give rise to sexual plants. Tetrasporangia are 
differentiated from superficial cells of a tetrasporophyte (Fig 1860). 
Development of tetrasporangia is accompanied by an upgrowth of adjoin- 
ing vegetative tissues. Thus the mature tetrasporangia lie embedded a 
short distance beneath the thallus surface *At the time of spore forma- 
tion the protoplast divides transversely into four tetraspores. 


iLewu, 1912 
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ORDER 5. RHODYMENIALES 

f'® tetraaporophytic Ilorideae in ^hich the 
au^iary cell is a special cell differentiated before fertilization. It is 
the terminal member of a two-celled filament borne upon the supporting 
cdl of a ca^gonial filament. Several genera have the supportiM cell 
p ducing two filaments, each of which terminates in an auxiliary cell. 

S tWaLffie^"^^^ 

Gastroclonium has three species, one of which, G. Coulteri (Harv.) 
Jiylin, is found along the west coast of the United States. The best- 
known species, G. ovale (Huds.) Kutz. [often called Lomentaria ovalU 



PiQ. 167.-Ga^roclomvm r-ouft.ri (Uarv ) Kylm A, thnllu, S, diagrammalic vertical 
set tion of d thallus *ipex. {A, X X 215 ) 


(Huds.) J.Ag. or Ckylocladia ovaUs (Huds.) Harv.], is European. Gas- 
troclonium is a perennial alga with an erect cylindrical thallus that is 
irregularly or dichotomously branched and with the branch apices 
broadly rounded (Fig. 187A). The lower portions of a thallus are solid; 
the upper portions arc hollow and transversely divided into barrel-shaped 
cavities by septa one cell in thickness. 

A branch apex has a ring of about 15 apical cells.* The longitudinal 
axial filaments, cut off posterior to the apical initials, lie in a hollow 
cylinder instead of in a solid cylinder as in most other multiaxial Floiideae. 
Each cell of an axial filament bears a short, compact, lateral filament 
upon its external face. They are outwardly branched and compacted 
into the pscudoparcnchymatous tissue which surrounds the centrS 
cavity of mature portions 4 )f a thallus (Fig. 1875). Septation of the 
central cavity is due to a development of horizontal unbranched fiiy- 


‘ Kylm, 1931A. ’Sliding, 1928; Kylin, 193M. ’Sliding, 1928. 
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Fxa \9l^^adrod(mium ovale (Huds) Kuts A, vertical section of a thallue apex with youag 
earpogonial filaments B, transverse section of a oarpogonial filament and the adjacent auxiliary ccU 
filaments before fertilisation C, the same after fusion of the earpogonial banc^ with the auxiliary cells. 
O, the same after migration of a diploid nucleus into each auxiliary cell IS after the auxiliary cehs 
have cut off initials of gonimoblast filaments (ii/fer Bltdtngt 1028 ) (4*^ ^ • auxiliary cell; A €, 

FU„ auxiliary cdl filament; Cpgn , carpogonium; CpFt/, earpogonial filament, Gon gonimoblast* 
8up C , supporting cell, Tr , trichogyne ) (A-B, X fiOO. C-E X 400 ) 
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mente on the internal face of axial filaments. They are formed simul- 
taneously at the same level upon all axial filaments, and they grow 
inward until they meet one another at the center of the thallus. 

Gametophytes of Gaatroclomum are heterothallic, but male plants 
are much scarcer than female ones.* The spermatangia lie in irregularly 
8hai)ed sori borne upon the bladder-hke branchlets at the distal end 
of a thallub. The spermatangial mother cells are borne at tips of lateral 
filaments from the axial filaments. Each spermatangial mother (sell 
generally bears three spermatangia.* 

The suppoitmg cell of a carpogonial filament is differentiated very 
close to the thallus apex, and it is borne directly upon a cell of an axial 
filament. The supporting cell gives iise to a four-celled carpogonial 




Fio IS *) — Gasfroclomum Coultfri (Hirv) Kylm 4» >ouiig par isporangium para- 

sporangium with mature parasporos ( X 325 ) 

filament in which tlie loweimost cell is binucleate and the other cells 
are uniiiiK leate.* A mature caipogomal filament is so curved that the 
carpogonial base adjoins the lowermost cell of the filament (Fig 188A). 
The supiwrting cell also produces two auxiliary cell filaments, one on 
either side of the carpogonial filament. These filaments arc developed 
before feitihzation. Each of them has a large multinucleate basal 
cell and a small uninucleate distal cell — the auxiliary cell (Fig. 188£}. 
After fertilization each auxiliary cell sends out a short basal protuberance 
that grows to and fuses with the carjiogonial base (Fig. 188C). A diploid 
daughter nucleus of the zygote nucleus migiates^ into each of the twQ 
auxiliary cells (Fig. 188D). Each auxihary cell then cuts off a succession 
of gonimoblast filament initials at the outt'r face (Fig. 188E). Ceys 
cut off from the gonimoblast filament initials develop directly into car- 
posporangia, each containing a single diploid nucleus During the 
course of carposporangial development, the gonimoblast filament initials, 


> Grubb, 1825. 


■Bbding, 1928. 
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the auxiliary cell filameute», the supporting cell, and certain of the adjoin- 
ing vegetative cells fuse with one another to form a large multinucleate, 
bilobed, placental cell which furmshes food for the development of 
carposporangia. At the same tune vegetative tis-sues lateral to the 
carposporophyte and placental cell grow up^vard into a closed pericarp 
without an ostiole^ 

Tetrasporangia are foirnod upon the ultimate branchlets of a tetra- 
sporophytic thallus They are diffeicntiated from terminal cells of 
the lateral filaments at the exteiioi face of axnil filaments. De\ eloping 
tctrasporangia have a t(*trahe(lial diMsion of (lieu protoplasts into 
four tetrasporcb.^ ']''he tetraspoiangia lie embedded just within the 
thallus surface Tetiasporophytes of G Coultni may also form para- 
sporangia. A developing paiasporauguim contains 15 to 20 nuclei. 
Later on there is an mwaid tiirrowing of the plabina mt'mbrane (Fig. 
189A) that dividcb the spoiaugial contents into 15 to 20 uninucleate 
protoplasts, each of which is a paraspore (Fig LSOjB) 

y ORJ1ER 0. (’LRA\IIA1J.S 

The Ceramialcs aie the only t(‘traspoiuphytic Flondeae in which 
the auxiliary cell is formed subbequeut to fciiili/atioii The auMliary 
cell is always borne diiectly upon the suppornng (dl of a caipogomal 
filament The oiclei iucludt*s about 160 gtsKua and 900 species. These 
are divided into thiee families ^ 

\\Polymphoma is one of tlie few genera in which there has been a 
demonstration* that (aTpos\'Oi<s giow into tctiaspoio])hytes and that 
tetraspoics grow into game tophyU^ lln* nuclear b(ha\ior^ throughout 
the entire life tyde is also ilefimtdy known ’ Poly^tplwiiia is a very 
common alga along the Atlantic (Viast ol tins (ountiy, and several 
species grow in abundant upon FiuaccMe ot the upper littoral zone 
The genus is less aliundaut along the Pacific Coast, where it is found 
chiefly in the lower littoial and sublittoial zones 

Germinating tetiaspoies and (arposj)oics of Polys 2 phoiiia divide 
transversely into a smill lower cell and a large upper cell, both of which 
also divide transversely ** The lowcimost ol the four cells develops into 
an elongate unseptate rhizoid wliuse chstal ^rid expands into an irregularly 
lobed attachment disk. Tlie uppermost cell becomes an apical cell 

^ ' Blidmg, 1928 ® Schrnil:/ and Iliuptflei (h, 1890-1S97. 

, *Lewis, 1912, 1914 * Yimaiioiubi, P)00 

® Thi* cultt||f^l investigations of J o\V\b Jtiid < ytological work of Yamanouchi were 
upon a spMMes collected at Woods Hole, Massachusetts They called this species 
P. mlacca (Itoth) Grev Professor W R Tavlor iiiforms me that P mlacea is found 
only in European waters and that the Amc 1 1 < an bpev ics given this name is P. JU xtcaidtsf 
Harv. 

* • Derick, 1899; Kylm, 1917A. 
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that cuts off a linear file of axial cells at its posterior face. CeU divifflon 
iu a. vgr^cal ^^aae begins when the plantlet is six or seven cells ^ 
and each axial cell in the basal portion of the file cuts off an AnnirAling 
layer of penceniral cells (Fig. 1904). The number of encircling peri- 
central cells is fairly constant for any given species and ranges from 4 
to 24. Many of the first-formed pericentral cells send out secondary 
rhizoids which help anchor the thallus Each axiaT cell two or three 
removed from the apical cell may divide diagonally at the upper end and 



Fio 190 — A-JJt Pofystphonta fiextcaulta Harv A, Burface \i©w of growing apex. JJ, 
vertical eection of mature region C D, Pdlynphonia sp < , optical section of a fertile 
triohoblast with spermatangial mother cells (Sp M C 1 bearing spermatangia (Sp ) J>, 

surface view of a fertile spermatangial trichoblast (A, X 430, B-C, X 660, 2), X 326 ) 

cut off a small trichoblast initial. Repeated division of the trichoblast 
initial produces a uniseriate dichotomously forked gradually tapering 
multicellular filament — the trichoblast. Cells of a trichoblast are uni- 
nucleate and colorless or with very faintly colored chromatophores. 
The trichoblasts are generally borne in a spiral succession along the 
thallus. Some species have an early abscission of the trichoblast; 
other species retain all or certain of them for a considerable time. The 
cells of the axial filament cut off an encircling layer of pericentral cells 
after they have cut off the trichoblast initial. Each cell onihe transverse 
tier^thus formed elongates 4o several times its original length (Fig. IdOi^). 
Mature portions of thalli of most species retmn this “polytiphonous” 
organization, but there are certain species in which older portions of the 
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thallus may also become ‘'corticated^* through the formation of a layer 
of small cells external to the pericentral cells. 

Lateral branches are generally differentiated close to the growing 
apex and before the formation of pericentral cells. An initial of a 
lateral branch is formed in the same manner as that of a trichoblast. 
In some cases^ as in P, nigrescens (J. E. Smith) Grev., they develop 
axillary to and from the basal cell of a trichoblast.^ In other cases 
they replace certain trichoblasts, and sometinies there is a development 
of Ranches upon mature portions of a thallus. 

^Gametophytes of most, if not all, species of Pohjsiphoma are hetero- 
thallic.) The spermatangia are produced upon fertile trichoblasts borne 
near the thallus apex. A developing, fertile trichoblast branches dicho- 
tomously after it has become two or three cells in length. Both arms 
of the dichotomy may develop into a fertile axis [P. lanosa (L.) Tandy®], 
but in most spRj^es^ one arm develops into a short fertile axis and the 
other into a loi% repeatedly branched, sterile axis (Fig. 190D). A fertile 
axis is several cells in length and unbraiiched. The two lowermost 
cells are sterile ^ the others each cut off a variable number of encircling 
pericentral cells. Each pericentral cell cuts off one or more spermatangial 
mother cells at the free face.® According to the species,® the sperma- 
tangial mother cell bears two, three, or four spermatangia (Fig. 190C). 
The spermatium is liberated by a rupture of the speimatangial wall, and, 

‘after it has been discharged, there may be a proliteratioii ol a new 

spermatangium within the old empty spermatangial wall. ^ 

The carpogonial filament and associated structures are borne upon 
a greatly reduced, fertile trichoblast of a female gametophyto. The 
initial cell of a fertile female trichoblast is cut off from an axial filament 
cell three or four cells back from the thallus apex. The axial filament 
cell also cuts off an encircling ring of pericentral cells about the same 
time it cuts off the trichoblast initial. The tiichoblast initial looks so 
much like one of the pericentral cells that it is often called the fertile 
pericerUyal cell. 

The trichoblast initial grows into a trichoblast five to seven cells 
in length, and one in which the two lowermost cells each cut off an 
enshcathing layer of pericentral cells (Fig. 191A). One of the adaxial 
cells in the upper tier of pericentral cells is the supporting cell of the 
future carpogonial filament. This supporting cell cuts off an initial 
at its free face, and this initial produces a curved, four-celled, carpogonial 
filament in which the terminal cell metamorphoses into a carpogonium 
with a long erect trichogyne (Fig. 191B-C). Development of the 
carpogonial filament is accompanied by a^ciftting off of two sterile 

^ Kolderup-Rosenvinge, 1909-1924. * Grubb, 1925. 

< Grubb, 1925; Kylm, 1928. 
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JUament imtials from the supporting cell. One, initial is cut off basally, 
the other lateralljf The basal sterile filament initial remains undivided 
for a time; the Iftterai one divides* immediately (Fig. 



FiCr 101 — Polystphonia flexica^hs Harv A longitudinal sections showing the 
de\olopment of female reproductive structures up to the time of fertilization A, before 
development of carpogomal filament developing and mature carpogoQJi4) filaments 

i>, after cutting off of sterile filament initials E tangential section of Fig D, showing the 
basal and lateral sterile filaments F, after fertilization and formation of the auxiliary cell. 
{Aux C , auxiliary cell, B St In i basal sterile initial, Cpgn , carpogomum, Cp Ftl , carpo* 
gonial filament, L St Fil y lateral sterile filament, Pvr , pericarp, Sup C., supporting cell, 
Tr , tnehogyne ) ( X 876 ) 


Fertilization takes place at this stage of development and is effected 
in the usual manner.^ Shortly after^vard the lateral sterile filament 
becomes 4- to 10-celled, and the basal sterile initial develops in^o a 
2-celled filament. ^Following this the supporting cell buds off a daughter 
cell at the upper side (Fig. 191F). This cell (the auxiliary cell) lies 
below, and soon establishes a tubular connection with, the carpogonial 
* Kylm, 1023. * Yamanouchi, 1906. 
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base. \A diploid daugl^r nucleus of Khe zjrgote nucleus next migrates 
into the auxiliary cell.? The gonimoblast grows from the upper side 
of ohe auxiliary cell (Fig. 192d.) It consists of a densely compacted 
mass of gonimoblast filaments in which each cell is uninucleate and has a 
diploid nucleus The carposporangia are elongate and are developed 
only from terminal cells of gonimoblast filaments. The single carpospore 



Fio 192 — A-B, Polyaipkoma flexicaulu Harv A, after foimation of first gonimoblast 
imtial B, carposporophyte with young carposporangia T, surface view of mature 
pericarp of an unknown species of Polysiphonia (Aux C auxiliary cells B St FH , basal 
sterile filament, Cp Br , remains of carpogonial filament, ( sp carposporangium Qon 
In , gonimoblast initial, Per , pericarp, PI C , placental cell. Sup C , supporting cell (A, 
X 876, B. X 430. C, X 216 ) 


within each carposporangium has a diplcud nucleus Development of 
the carposporoph 3 rtc is accompanied by a gradual fusion of the supporting 
cell, the auxiliary cell, and cells of the stcnle fil^ents into a single large, 
irregularly shaped, placental jsell (F^g. 192i9) ^The carpogonial filament 
withers and does nbt^*contribute to the plaqenttd cell/ The mature 
carposporophyte is surrounded by a large mijKghgped peric^ with a 
conspicuous ostiole at the distal end (Fig 192C). Development of the 
pericarp begins before fertilization, and it is developed from pericentral 
trichoblast cells adjacent to the supporting cell. 


^ * Vamanouchi, 1900 
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Carpospores liberated from the carpospor&gia develop into tetra- 
sporophytes.^ Only nna pfti|iftfiT> tral cell of any trans verse tier^^^n a 

aiet5S§P9%«i«“U. WeverT fear 
sporangia are usually developed m several successive tiers. The fertile 
pericentral cell of a tier is smaller than the other pericentral cells. It 
first cuts off a daughter cell at its outer face. In some species, as P. 



Fig 19^ — Polysiphoma sp A, optical section of apex of tetrasporophyte with young 
totr isporangia 27, surface view of older portion containing mature tetraspores iAx P,, 
axial filament, Cov C , cover cell, Per C , penpheral cell, St C , stalk cell. Tap , tetraspor* 
angium ) (A, X 650, Bt X 215 ) 


mgrescens, the daughter cell cuts off tw6 cover cells at the upper face;* 
in other species, as P. violacea (Roth) Grev.,* the daughter cell cuts off 
two large cover cells and a small penpheral cell (Fig. 193d.). In mther 
case the fertile pericentral cell then divides transversely. The lower 
daughter cell is a stalk cell, the upper is the tetrasporan^um. The 
sporangial cell increases to several times its original idze; its ..gjhk 
nucleus divides meiAtlcally,^ and the protoplast divides to form four 
tfl trahe(^raHv disposed tetraspor es (Fig. 193R). The teirasi^nes aro 

» Lewis, 1912, 1914 • KoMerup-Rosenvinge, 1909-1924; Kylm, 1923. 

* Kolderap-Bosenvmge, 1004^1924. * Yamanouchi, 1006. 
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liberated by a rupture of the sporangial wall and a longitudinal spreading 
apart of the two elongate cover cells. They develop into gametophytes.^ 
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CHAPTER IX 


MYXOTHALLOPHYTA 

The Myxothallophyta or slime molds resemble the true fungi in their 
lack of photosynthetic^ pigments and their food reserves. They differ 
from fungi in that the plant body is a naked amoeboid mass of protoplasm 
■throughout all stages of vegetative development. The vegetative body 
may be a single large multinucleate protoplast, a plaamodium; or a 
pseudoplaamodium that results from an aggregation of many small 
uninucleate protoplasts that retain their individuality. Reproduction 
of Myxothallophyta is by a formation of many small uninucleate spores, 
each with a distinct spore wall. In a majority of genera the spores are 
borne within or upon a fructification of definite form. In a few genera 
there is a production o^ an amorphous moss of spores. According to the 
genus, germinating spores ^ve rise to naked uniflagellate swarm spores 
or to naked nonflagellate amoeboid cells (myramoebae). The evidence 
thus far accumulated seems to show that these bodies are gametic in 
nature and that they unite in pairs to form an amoeboid zygote in which 
there is soon a union of the two gamete nuclei. The zygote nucleus may 
divide and redivide equationally, thus producing a plasmodium. Some- 
times the zygote nucleus remains undivided, and many zygotes become 
apposed to one another in a pseudoplasmodium. The last series of 
nuclear divisions in plasmodial development may be reductional, or 
they may be equational. In the latter case meiosis takes place in the 
spores. 

The systematic position of the slime molds is a matter of dispute. 
Some botanists hold that they show so many affinities with the Protozoa 
that they should be excluded from the plant kingdom. A much larger 
number hold that the slime molds are more plant-like than anim^-like 
in nature and should be included in the plant kingdom. Most of those 
including slime molds among plants place them in a division (variously 
called Myxothallophyta,^ Mycetozoa, Myxophyta) equal in rank to the 
f ung i instead of placing them among the various classes of fungi. All 
botanists recognizing the Mj^othallophyta as a distinct division agree 
tbe-t. the tnic slime molc|^ (the Myxomycetae) belong in the division. 
There is disagreement as to whether certain other organisms with much 
the same structure should be placed alongside the Myxomycetae. 

>8chrCter, 1889. 
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Several^ think that the Phytoxnyxinae (Plasmodiophoraceae) are more 
closely related to the chytridiaceous Phycomycetae than they are to 
Myxomycetae. Others^ exclude from the plant kingdom the slime molds 
with a pseudoplasmodium (the A‘crasieae). 

The three classes here included in the Myxothallophyta are: 

Myxomycetae in which the vegetative body is a free-living plasmodium 
that develops into a fructification of definite form. The spores may be 
borne within or externally upon the fructification. 

Phytomyxinae in which the vegetative body is a* parasitic plasmodium 
developing within tissues of angiosperms. At the time of reproduction 
the plasmodium breaks up into a mass of spores that are usually without 
definite arrangement. • 

Acrasieae in which there is a pseudoplasmodium whose individual 
myxamoebae combine to form a fructification of definite form. 

These three classes seem to have sufficient in common to warrant 
their inclusion in the same division. They appear to have been derived 
from protozoa. This derivation may have been monophyletic or, as has 
recently been suggested,^ along three independent lines. If the latter 
hypothesis is correct, the Myxothallophyta are an artificial and not a 
natural group. The Labyrinthuleae are sometimes included as a fourth 
class of the Myxothallophyta, but these organisms arc so imperfectly 
known that their reaj/^elationships are uncertain. 

\/ CLASS 1. MYXOMYCETAE 

The vegetative bodies of Myxomycetae are naked, amoeboid, multi- 
nucleate, free-living plasmodia that may be several centimeters in 
diameter. A pla.smodium lacks photosynthetic pigments, and it obtains 
food by ingesting microscopic organisms, spores, or small particles of 
dead plant or animal tissues. At the time of reproduction a plasmodium 
heaps up to form one or more sessile or stalked sporangia. There is 
generally a wall-like layer (the peridium) at the outside of .each sporan- 
gium, and it is derived from waste materials excreted by the protoplasm. 
The protoplast of a sporangium becomes divided into a large number of 
small spores, each surrounded by a definite wall. A germinating spore 
produces one to four uniflagellate swarmers. There may be an immediate 
union of the swarmers in pairs, or they may multiply vegetatively for 
one or more generations before a fusion in pairs takes place. Union 
of a pair of gametes is soon followed by a union of the two gamete nuclei. 
The resultant zygote is amoeboid, and it grows directly' into a multi- 
nucleate plasmodium by repeated equation^l division o^ the fusion 
nucleus. There are about 50 genera and 400 species of myxomycetes. 

^ Fitzpatrick, 1930; G&umann and Dodge, 1928; Martin, 1932. 

* Jahn, 1928A. > Cook, 1933. 



MYXOTHALLOPHYTA 


363 


The Myxomycetac are divided into the two following subclasses: 

Endosporcae in which the spores arc borne internally within a sporan- 
gium 

Exosporetu in which the spores are borne extemall}* and in consider- 
able numbers on an erect branching fruiting pillar. 

SUBCLASS 1. ENDOSPOREAB 

The inyxoinycetes in which spores aie formed within a sporangium, 
the Endo&poreae, include all but one genus of the Myxomycetae. All 
genera of the Kndosporeae have a well-developed plasmodium. These 



Fi(» 1*)4 — n isinodiuni of Didymium sp ( X ^0 ) 

plasiiiodia are g(»iierally found creeping o\er moist decaying matter. 
Favoiable substrata include rotting logs, old wood piles, and decaying 
loaves Plasmodia aie also an important constituent of the microflora 
of the soil/ but ordinarily their pnvscnce in soil can only be demonstrated 
by isolation in cultiue 

The f ytojilasm of a plasinodium is differentiated into an inner granular 
})ortion, which contain^ the' nuclei, and an outer enucleate portion. 
Increase* in hizc of a plasinodium is accompanied by an increase in number 
of nucl(‘i by mitotic division.-* All nuclei of a plasinodium divide at 
approximately the same time, but this may take place at any hour, dc^ 
or night/ A developing p^hinodiuin creeps slowly over the substratum 

^ Thom and Paper, 1930 

*Haipor, 1900; Schunemann, 1930; Howard, 1932; Jahn, 1911. 

* Howard, 1932 
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in a more or less amoeboid fashion. The protoplasm at the advancing 
margin is an irregularly lobed mass; posterior to this the protoplasm 
tends to he in a fan-shaped reticulum with numerous irregularly shaped 
anastomoses (Fig. 194). Growth continues as long as food and moisture 
are abundant, and plasmodia have continued vegetative growth on syn- 
thetic media for more than a year.^ Sometimes a developing plasmodium 
fragments into two or moic portions. Those fragments may contmue 
growth as independent organisms, or they may reunite with one another 
to form a single organism Two adult plasmodia of independent ongin 



Fig 195 — Fruiting bodies of Myxomycetac A Vuhuo at plica (L ) Web B, Physarum 
alpinum O List C, SUmonitiH aplend€nHp.o^t (A X B, X 10, T, X5) 


may also coalesce, but this only takes place when the two arc of the same 
species. 

If conditions of moisture, temperature, or food supply become 
unfavorable, a plasmodium may become foneentiated into one or more 
thick, homy resting stages {sclerotia) that may reveit to the plasmodial 
condition with a return of favorable conditions Most sclerotia more 
than a year old have lost the capacity to revci t, but in exceptional cases 
they have been reactivated after storage for more than five years. 

A plasmodium generally migrates to a more brightly illuminated 
and drier side of the substratum just before k fruits According to the 
ig)ecies, it produces a single sporangium or a number of sporangia. If 
all or the major portion of a plasmodium develops into a single flattened, 

^Howard, 193M 
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biscuit-shaped sporangium, the fructification is an ctethalium (Fig. 195^1). 
If the single fructification retains more or less of the reticulate outline 
of the plasmodium, it is known as a plasmodiocarp (Hg. 195fi). In most 
species there is a formation of several sporangia. Here there is a frag- 
mentation of the plasmodium just prior to or during the early stages of 
sporangial development. Since the various fragments migrate but little, 
the sporangia developed from them tend to lie in a cluster (Fig 195C). 
Certain species have an immediate excretion of a protective layer of 
waste material, the sporangial wall or pendtum, after a roimding up of a 
protoplasmic fragment In other species peridium formation is preceded 
by an .excretion of a column of waste mateiial that elevates the proto- 



Fig 100 Phy^^rvm sp , development of sporangium A, before formation of capilbtium 
Ji, after formation of capilbtium T, cleav age into spores ( X 4.10 ) 

plasmic mass above the substiatum. This results in a stalked spo- 
rangium. In either case there may be a diseaided remnant of the 
plasmodium, the hypothalliis, at the base of the sessile or stalked sporangia. 

The piotoplasm of a sporangium is multinucleate and with the 
nuclei uniformly distiibutcd throughout the cytoplasm (Fig. 196A). 
Sooner or later, after differentiation of the pendium, there is an appear- 
ance of furrows at \arious points in the plasma membrane of the C3rto- 
plasm. They become deeper, branch and rebranch, and finally cut the 
protoplasm into small iminueleatc protoplasts ' Each uninucleate 
protoplast formed by this progressive cleavage then rounds up, secretes 
a wall, and becomes a spoie. Progressive cleavage of the multinucleate 
protoplasm within a sporangium is frequently preceded by the develop- 

^ Harper, 1900, 1014; Howard, 1931. 
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ment of numerous branched or unbranched canals in which excreted 
materials are deposited.^ The threads of waste material thus cast in 
molds of living protoplasm persist after spore formation and constitute 
the capilhtium that lies intermingled with spores within a sporangium 
(Fig. 196JS-C). The peridium cracks open or flakes away after the 
spores are mature. Sifting out of spores from an opcn(»d sporangium 
is gradual if they lie entangled among capillitial threads. 

Spore germination (Fig. 197 A-C) may take place imniediately after 
liberation. On the other hand, it may be long delayed if conditions are 
unfavorable, and spores of certain species^ may remai'i viable for more 
than 25 years. Spores of some species regularly produ(*e a single uni- 



Fia. 197 Spoie fceimmation of Phy'^amm polyct /thalum Srhw. A, sporo P (\ 
germination. D gamotca F, gamelii union 0, >'€‘rniiiiafiou of /\goto {Afttr 
Hovoard, 1931.) (X 1,200) 

flagellate swarmer; those of other specie^ regularly produce two or lour 
swarmers.® According to the species there is either a ruptun* of the 
spore wall at the time of germination or a d(welo]nuent of a ])ore in the 
wall.^ The protoplast within the wall may dev(*lop into a uniflagellate 
swarmer before emerging,^ but in most cases it einerg('h in an amoeboid 
fashion and develops a flagellum after emergence. If the protoplast is 
one that divides to form two or four daughter ]irotoplnsts that become 
swarmers, the division may take place prior to' or afUu" emergence 
In many cases the uniflagellate sw^armers are gametes that unite with 
each other in pairs (Fig. WIE (7). More randy^ the swarmers give rise 
to one or more successive generations of uniflagellate swarmers before 
gametic union takes place. If environmental condition':? bec'onie unfavor- 
able, a swarmer may lose its flagellum, assume' a spherical shape, and 
secrete a thin wall.® Such sporc-like bodies germinate to form a single 
swarmer upon a return of favorable conditions. 

^ Harper and Dodge, 19H; Howard, 19.31. “ Sj|ath, K. C , 1929A. 

• Smith, E. C., 1929 ^ Gilbert, F A , U28 » Jalin, 1928. 

*Jahi}, 1904; Howard, 1931; Gilbert, F. A, 1928. 

^ Wilson and Cadman, 1928. ^ Howard, 1031. 
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Fusion in pairs generally takes place while the gametes are actively 
motile and by an apposition of their posterior poles, ^ but it may take 
place after the gametes have lost their flagella and have become amoe- 
boid.® Union of a pair of gametes is soon followed by a fusion of the 
two gamete nuclei. The fusion nucleus divides and redivides equation- 
ally as the amoeboid zygote develops into a plasmodium. In rare cases 
one or more amoeboid gametes may unite with a young zygote before 
fusion of the two haploid nuclei.® These embryonic plasmodia may 
or may not unite with others containing two or more haploid nuclei. 
Embryonic plasmodia with several haploid nuclei soon have a fusion of 
them in pairs to form diploid nuclei. 

There is an equational division of the diploid nuclei throughout the 
entire vegetative development of a plasmodium. Moiosis takes place 
at some stage before the production of gametes, but the exact stage at 
which it occurs is still uncertain. In a few species^ there is good evidence 
that it occurs in developing sporangia just b^^fore progressive cleavage. 
It has also been stated® that the nucleus in a spore is diploid and that it 
divides meiotically into four daughter nuclei, three of which degenerate. 
Unfortunately, a detailed account of mciosis in spores of this type has 
never been published. \ 

The classification of the Endosporcae is based upon the structure of 
the mature' fruiting body. Upon this basis the subclass has been divided® 
into four orders that differ from one another in cal(*areous or noncalcare- 
ous nature of the peridium, the presence or absence of a true capillitium, 
and the color of the spores. 

SUBCLASS 2. EXOSPOREAE 

The Exosporeae have the “ spores'' borne externally and in consider- 
able numbers on an erect branching fruiting pillar. There is but one 
genus {Ceratiomyxa) with four closely related species. 

The entire vegetative development of a plasmodium of Ceratiomyxa 
takes place within old rotten logs, and it does not migrate to the surface 
of the log until the time of fruiting. Minute papillate masses of proto- 
plasm then appear on the surface of the dead wood witliin which the 
plasmodium has completed its vegetative development. Each papilla 
becomes differentiated into a central gelatinous core of nonliving material 
(the sporophore) and an ensheathing layer of protoplasm (Fig. 198). The 
sporophore is thought to be homologous with the hypothallus of Endo- 

sporeae rather than homologous with their sporangia.^ As the sporophore 

c 

^ Abe, 1934; Cayley, 1929^ Howard, 1931; Wilson and Cadman, 1928. 

* Jabn, 1911; Schunemann, 1930. * Sehiincmann, 1930. 

* Schtinemann, 1930; Von Stosch, 1935; Wilson and Cadman, 1928. 

* Jahn, 1928A. • MacBride and Martin, 1934. ’ Gilbert, H. C., 1936. 
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increases in height, the ensheathing protoplasm becomes restricted to the 
upper portion of it. The protoplasm covering a developing sporophore 

may have a doubling of the num- 
ber of nuclei by an equational 
division of each nucleus.* 'When 
growth of the sporophore ceases, 
there is a progressive cleavage 
(Fig. 199il) of the multinucleate 
protoplasmic sheath into uninu- 
cleate protoplasts.^ These proto- 
plasts lie in a single or double layer 
around the upper portion of the 
upper end of a sporophore. They 
lie side by side and are polygonal 
in outline because of mutual pres- 
sure (Fig. 1995). Each proto- 
plast soon becomes broadly ellip- 
soidal and secretes a thin wall (Fig. 
199C). One pole of the enclosing wall is attached to a short stalk-like 
projection from the sporophore. The walled uninucleate bodies borne on 
stalks are usually called spores. In reality they are sporangia.* Hence, 



Fig. 198. — Dried fruiting body of a species 
of Ceratiomyxa, ( X 20.) 



Fig, 199. — Development of fructification of Ceratiomvxa. A, young fruiting pillar. 
after cleavage of the protoplast. after formation of ‘‘spores.'’ ( X 326.) 


one may homologize Ceratiomyxa with the Bbdosporeae by considering 
the fructification of Ceratiomyxa as an elevaj^d hypothallus (the sporo- 
: » Oabert, H. C., 1935. » Gabert, H. C., 1935( Olive, 1907. 
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phore) that bears an i^lmense number, of minute stalkcid uninucleate 
sporangia. 



Fig 200. — Diagrams showing the progressive elevation of the spores of Ceraiiomyxa above 
the sporophore {Baaed upon H. C. CMberit 1935.) 

The stalk of a sporangium elongates to several times its original 
length and pushes the sporangium out from the sporophore (Fig. 200). 
During the course of this elongation, the orientation of the sporangium 
is so changed that its long axis lies parallel to the stalk. ^ Meiosis has 





Fig. 201 . — CercUiomyxa sp Spore germination and gametic union uninucleate 
spore B, quadrmucleate spore C, spore germination />-B, protoplasts shortly after 

liberation from spore wall. P-G, rounding up of protoplast and cleavage into umnudeate 
protoplasts. H, gamete. I-K, successive stages in gametic umun. (.After H, C. QUhert, 
1936.) (A-B, F-K, X 2,260, C-E, X 1.600 ) 

been described* as occurring in the Ia'?t nuclear division before spore 
formation, but it is more probable that the single nucleus within a 
sporangium is diploid and*that it divides meiotically into four daughter 
nuclei.* Meiosis is not followed by cytokinesis. 

« GUbert, H. C., 1935. •John, 1936. > Gilbert, H C., 1936; Olive, 1907. 
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Succeeding stages in sporangia! development are completed after 
detachment and dispersal of the sporangia (Fig. 201). The detached 
sporangium behaves like a germinating spore in that it develops a pore 
in the sporangial wall, and the protoplast moves out through the pore. 
The protoplast is globose immediately after emergence, but it soon 
becomes vermiform and with the four nuclei lying evenly spaced and in 
a linear series.^ Within a few hours the protoplast again becomes 
globose. After the nuclei have become tetrahedrally arranged, there 
is a division into four tetrahedrally disposed uninucleate protoplasts. 
These naked uninucleate protoplasts are the real spores. They remain 
apposed to one another, and each divides into two daughter cells that 
are metamorphosed into uniflagellate zoogamotes (Fig. 201/Z). These 
fuse in pairs by an approximation of their posterior poles. The spindle- 
shaped zygote thus formed has a single flagellum at each pole and a 
gamete nucleus near the point of imsortion of each flagellum (Fig. 201 1 -K ) . 
The zygote swarms for several hours. Eventually the nucleus at one 
pole migrates to the opposite end of the zygote, and there fuses with the 
other nucleus.^ Motility ceases soon after this and the zygote becomes 
globose. Its development into a plasmodium lias not been followed. 

CLASS 2. PUYTOMYXINAE 

The Phytomyxinae have a naked, multinucleate, plasmodial typo of 
body in which all vegetative development takes place within tissues of a 
host plant. Sometimes the vegetative body bc^coines invested with a 
wall at the time it divides into a mass of spores, but more often tlu^re is 
no formation of a wall. The plasmodium within a host cell divides 
directly into a mass of regularly or irregularly arranged spores. Each 
spore has a definite wall. A germinating spore gives rise to a single 
uniflagellate swarmer that may be either a zoospore or a zo'ogainete. 

The six genera, with about 14 species, are grouped in one order 
(Plasmodiophorales) and family (Plasmodiophoraceae). The best- 
known species of the type genus (JPlasmodiophora) is P. Brassicac Woronin, 
a parasite upon roots of various Crucifercao, ('specially species of the 
genus Brassica. When parasitic upon cabbagtis, it causes a disease 
popularlj'' known both as '^clubroot” and as ‘^finger-and-toe disease.^’ 
Formerly this was a disease of considerable economic importance. 
Today, because of discovery of methods of control, it is one of minor 
significance. 

Infection of a cabbage root generally takes place at the seedling stage 
of development and by direct pentration of a uniflagellate swarm spore 
produced by a germinating spore (Fig. 2oSE-F), The swarm spores 
generally enter through the cell wall of a root hair,^ but there is also 

* Gilbert, H. C., 1935. *Chupp, 1917; Cook and Schwartz, 1930. 
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evidence that there may be a direct penetration of them into older 
portions of the cortex^ of a root. A swarm spore loses its flagellum and 
becomes amoeboid during penetration. This amoeboid cell increases in 
size as it migrates about within the protoplast of the root hair, and its 
nucleus divides and redivides. The resultant plasmodium may have up 
to 30 nuclei. 2 Formation of tliis plasmodium takes but two or three 
days.® At any stage of growth a yJasmodium developing from a swarm 
spore may fragment into uninucleate protoplasts, each of which becomes 
surrounded by a wall. These cells develop into gametangia whose nuclei 
divide to form four or eight daughter nuclei. This is followed by a 



Fio. 202. — Hoot of a cabbage infected with Plasmodiophora lirmbtcoe Woroiim. ( X 160.) 

cleavage into uninucleate fragments, each of which is metamorphosed 
into a minute uninagellate zoogamete. * 

The zoogametes fuse in pairs to form an amoeboid zygote (myxa- 
moeba) with a single diploid nucleus. This gametic union may take 
place within the root hair or after a migration of zoogametes to adjoining 
cortical cells.'* The myxanioeba thus formed increas(\s in size, and its 
nucleus divides and redivides a few times. 'J'hese young diploid plas- 
modia migrate from cell to cell of the host, and some of them migrate 
inward to the cambium and thence up and down the root. Movement 
from cell to cell is by a direct perforation of cell walls.® After migrating 
vertically upward or downward through the cambium, a young plas- 
modium then migrates outward through the cortex. Upon reaching a 
cortical (‘ell containing a^ abundance of food, the plasmodium remains 

^ Kunkol, 1918. * Chupp, 1917; Cook and Schwartz, 1930.* 

^ Cook and Scliwartz, 1930. * Cook, 1933. 

* Chupp, 1917; Kunkcl, 1918; Lutman, 1913. 
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within it and increases greatly in aze. Up to this time the parasite 
has had no pronounced effect upon roots of the host. Shortly after 
outward migration of plasmodia from the cambial region, the cortical 
cells in an infected region arc stimulated to divide rapidly and to enlarge 
to several times their normal diameter (Fig 202). This lesults in the 
greatly enlarged roots from which the disease gets its popular names 
Growth of the plasmodium continues until it fills the host cell (Fig 
203 A-B). Increase in size of a plasmodium is accompanied by repeated 



Fig. 203 — Plctamodiophora Braaatcae Woronm A C, development of plasmodium 
within a host coll spore muss within a host cell Et spore germination F, zooid. 
(JS-F, after Chupp, 1917 ) (A-Z), X 650 ) 


mmultaneous division of its nuclei (Fig 203C) Nuclear di vision is 
equational up to the penultimate senes of division Th^dSOwo 
of divisions are meiotic and halve the number of chromosomes injeach 
nucleus ^ Numerous vacuoles of large and small size appear in the 
c;^oprasm after the completion of meiosis. They become joined to 
one another and thus cut the plasmodium into small umnucleate frag- 
ments, each of which becomes a spherical spore with a distinct wall 
(Fig 2032)). 

The spores remain within the host until the latter decays. Infection 
of a new host takes place after germination of^a spore that has remained 
in situ in the soil, and it has been shown* that infection does not. take 
place unless the spore lies within a few centimeters of a seedling. 

*0ook« 1933; Cook' and Schwartz, 1930; Lutman, 1913 * Chupp, 1917. 
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CLASS 3. ACRASIEAB 

The Acrasieae resemble the Myxomycetae in that they have a naked 
vegetative phase. They differ from the Myxomycetae in that there is 
never a development of a multinucleate plasmodium or of flagellate 
swarmers. Reproduction is preceded by an aggregation of large niunbers 
of naked vegetative cells (myxamoebae) into a mass, the pgertdoplas- 
modium, in which each myxamoeba retains its individiiality. The 
pseudoplasmodium then changes into a fruiting body that is generally 
differentiated into a sterile and a fertile portion. 



Fio. 204. — Dictyoftelium sp. A. entire fructification. B, optical section of apex of- a 
young soTophore. C, surface view of apex of an old fructification. D, germinating spore. 
E-P, myxamoobae. (.D-F, after Olive, 1902.) (A, X 30; B-C, X 325; D-P, X 1,165.) 

The single ordd$* of the class, the Acrasiales, contains 7 genera and 
about 20 species. These are divided into three families. ‘ 

Most of the eight or more species of Diclyostelium were first dis- 
covered growing upon the dung of various animals. More recently* 
it has been shown that Diclyostelium is also a widely distributed soil 
organism. The vegetative cell, the m 3 rxamoeba, is a naked amoeboid , 
protoplast that regularly contains a single nucleus and a contriuifile 
vacuole.* It creeps slowly in an amoeboid manner over the substratum. 
Here and there on the substratum are m 3 rxamoebae that are dividing in an 
amoeba-like manner by Asonstriction into two daughter myxamoebae 
(Fig. 20iE-F). If environmental conditions become unfavorable, a 
myxamoeba may round up and secrete a wall. ‘Such a spore-like^. st^. 

‘ Olive, 1902. • Raper and Thom, 1982. * Olive, 1902; Raper, 1933, 
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may germinate directly into a inyxamoeba upon a return of favorable ' 
conditions. Dictyostelium ordinarily remains in a vegetative stage for 
several days after spore germination, and during this time there is a 
tremendous increase in the number of myxamoebae. 

At the end of the vegetative period, the myxamoebae aggregate to 
form a pseudoplasmodium in which each of them retains its individuality. 
Ordinarily there is an immediate metamorphosis of the pseudoplas- 
modiuni into a fructifi(*ation, but in one species^ the pseudoplasmodium 
may continue movement as a single mass. In one species® the myxa- 
moebae become arranged in pairs that fuse with each other just before 
formation of a pseudoplasmodium. This gametic union is followed by a 
fusion of the two nuclei. Hence in this species, and possibly in the 
others also, the aggregated protoplasts in a pseudoplasmodium are 
zygotes rather than vegetative cells. 

The develoimient of a fructification begins with a heaping up of 
pscudoplasmodial elements to form the base of the sterile portion 
(sorophore) of a fruiting body. Each pscudoplasmodial clement (myxa- 
moeba or zygote?) of the sorophoro base becomes immobile and sc^cretes 
a wall. Other elements migrate to the apex of the developing soropliore, 
come to rest, and also secrete a wall. The stalk thus formed above the 
base of a sorophore becomes narrower the higher it grows, and in the 
uppermost portion it is but one cell broad. The stream of pseudo- 
plasmodial elements moving up a sorophore becomes restricted to one 
side of it late in the development of a stalk. Eventually, no further 
elements are added to the stalk apex. However, the pseudopLasmodial 
elements continue to stream up the stalk® and to accumulate iu a globose 
mass at its apex (Fig. 204: A~B), After migrating to the stalk apex 
each element rounds up, secretes a wall, and becomes a spore. Col- 
lectively they constitute the fertile portion {sorus) of a fruiting body 
(Fig. 204C). 

The spores are readily detachable from a sorus, and they may ger- 
minate immediately after dispersal if conditions are favorable. Upon 
germination there is a rupture of the spore wall and an amoeboid escape 
of the protoplast from the wall. The j)rotoplasts thus liberated are the 
first myxamoebae of the next vegetative generation. 

Bibliography 

Abe, S. 1934. Sci, Repts. Tokyo Bunrika Daigaku. Sect. B, 18: 193-202. 1 fig. 

[Gametic union.) 

Cayley, Dorothy M. 1929. Trans, Brit, Mycol, Soc, 14 : 227-248. 2 pi. 3 figs. 

[Gametic union.] * 

^Baper, 1935. *Skupienski, 1918. 

•JBtarper, 1926; OUve, 1902; llapor, 1935. 



MYXOTHALLOPHYTA 368 

Chupp.C. 1917. ComdlUnio.Agr.Exper.Sta.BuU.ZVt:431-ASZl66g». [Plaa- 
modiophora.] 

Cook, W. R. I. 1933. Arch, Protistmk. 80 : 179-254. 7 pi. 14 figs. [Phytomyxinae.] 
Cook, W. R. I., and E. J. Schwartz. 1930. Phil, Trans, Roy. Soc, London B, 218: 
283—314. 3 pi. 1 fig. [Plasmodiophora.] 

Fitzpatrick, H. M. 1930. The lower fungi. Phycomycetes. New York. 331 pp. 
112 figs. 

Gaumann, E. a., and C. W. Dodge. 1928. Comparative morphology of fungi. 

Translated ami revised by C. W. Dodge. New York. 701 pp. 406 figs. 

Gilbert, P. A. 1928. Amer, Jour. Bot. 16: 345-353. 2 pi. [Spore germination.] 
Gilbert, II. C. 1936. Ibid, 22 : 52-74. 3 pi. 1 fig. [Ceratiomyxa.] 

Harper, U. A. 1900. Bot. Gaz. 30: 217-251. 1 pi. [Mitosis.] 

1914. Amcr. Jour. Bot. 1: 127-144. 2 pi. [Sporogenesis.] 

1926. Bull. Torrey Bot. Club. 63 : 229-268. 3 pi. [DictyoMiuni.] 

Harper, R. A., and 11. O. Dodge. 1914. Ann. 28: 1-18. 2 pi. [Development 
of sporangia.] 

Howard, F. L. 1931. Amer. Jour. Bot. 18: 116-133. 8 pi. 1 fig. [Development and 
reproduction.] 

1931A. Ibid. 18: 621-628. 1 fig. [(Cultivation of plasmodia.] 

1932. Ann. Bot. 46: 461- 177. 1 pi. 3 figs. [Development.] 

Jahn, E. 1904. B(r, Deutsch. Bot. Ges. 22: 81-92 1 pi. [Mitosis.] 

1908. Ibid. 26A : 342-352. 2 figs. \Ccratiomyxa.] 

1911. 29: 231 -247. \pl. [Gametic umon.] 

1928. Ibid. 46 : 8 -17. 1 pi. [Classification.] 

1928A. Myxomycctes. In A. Eiigler and K. Prantl, Die natiirlichcn Pfianzen- 
familien. 2d ed. Bd. 2. pp. 304^337. 22 figs. 

1936. Ber. Deutsch. Bot. Ges. 64 : 517-528. I pi. [CernHomyxa.] 

Kunkel, }j. O. 1918. Jour. Agr. Res. 14: 543-572. 20 pi. 2 figs. [Plasmodiophora.] 
Lltman, li. F. 1913. Vt. Agr. Exper, Sta. Bull. 176: 1-27. 4 pi. 6 figs. [Pktsmo-’ 
diophora.] 

MacBride, T. II., and G. W. Martin. 1934. Tlie Myxoinyceles. New York. 
339 pp. 21 pi. 

Martin, G. W. 1932. Bot. Gaz. 93: 421-435. [('lassifieation.] 

()li\'E, E. W. 1902. Proc. Boston Soc. Nat. Hist. 30: 451-513. 4 pi. [Acrasieae.] 
1907. Trans. Wis. Acad. 16: 753-774. 1 pi. [Ceratiomyxa.] 

Raper, K. B. 1936. Jour. Agr. Hcs. 60: 135-147. 3 pi.' [Dictyostelium.] 

Raper, K. B., and C. Thom. 1932. Jour. Wash, Acad. Sci. 22 : 93-96. [Dictyo- 
stelium.] 

Schroter, J. 1889. Myxothallophyta. In A. Engler, and K. Prantl, Die natiir- 
lichen Pflanzenfamilieri. Teil. 1, Abt. 1. pp. 1—41. 23 figs. 

S(’HiJnemann, E. 1930. PlarvUi 9 : 645-672. 1 pi. 3 figs. [Gametic union.] 
Skupienski, F. 1918. Compt. Rend. Acad. Sd. Paris 167 : 960-962. [Dictyo- 

.stilimn.] 

Smith, E. C. 1929. Amer. Jour. Bot. 16: 645-650. 1 pi. [Spore germination.] 
1929A. Mycohgia 21: 321-323. 1 pi. [Longevity of spores.] 

Stosch, H. a. von. 1936. Planta 23 : 623-656. 3 pi. 1 fig. [Meiosis.] 

Thom, C., and K. B. Raper. 1930. Jour. Wash. Acad, Sci, 20 : 362-370. [My- 
xamoebae in soil.] • 

Wilson, M., and Elsie J. Cadman. 1928. Trans. Roy. Soc, Edinburgh 66 ; 565-608, 
6 pi. 4 figs. [Development and reproduction.) 



CHAPTER X 


EUMYCETAE— INTRODUCTION 

The Eumycetae, the true fungi, are saprophytic or parasitic plants 
that are without photosynthetic pigments. They differ from most 
colorless algae in that they accumulate carbohydmte reserves as glycogen 
instead of as starch. The Eumycetae differ from the Myxothallophyta 
in that there is almost always a definite cell wall throughout all stages 
of vegetative development. The cell wall is generally a carbohydrate 
and variously composed. of cellulose, callose, pectose, or related com- 
pounds. Many of the lower Eumycetae (the Phycomycetae) have a 
waU in which cellulose predominates. Advanced members of th^ 
division (Ascomycetae and Basidiomycetae) have a cell wall predomi- 
nantly composed of the carbohydrate known as fungus cellulose or chUin. 
All but the most primitive of the Eumycetae have the branching fila- 
mentous type^of plant body known as a mycelium in which a single 
filament or branch is termed a hypha. The mycelium may consist of a 
single multinuoleate cell (a comocyte) in which there are no transverse 

walls; or it may have numerous cross walls dividing it into uni-, bi-, or 
multinucleate cells. The various hyphae of a mycelium may lie in an 
amorphous fclt-like mass, or they may be intertwined to form a macro- 
scopic mass of definite form. In the latter case the mycelium is generally 
multicellular and with all or some of the hyphae compacted into a 
pseudoparenchymatous tissue. 

The Eumycetae, ex^usive of the lichens, include some 75,000 species 
distributed among 2,850 genera. Some species are strictly parasitic, 
some strictly saphrophytic, some arc parasitic at one stage of develop- 
ment and saprophytic at another, and still other species may grow 
either saprophytically or parasitically. The living organism upon 
which a parasite grows may be a plant or an anhnal. Plants parasitized 
by Eumycetae range from the simplest algae to the most advanced angio- 
sperms. In some cases a particular species is restricted to a single 
host species; in others it may be parasitic upon Seyend distantly related 
hosts. A few saprophytic species are aquatic in habit, but the great 
iaajority of them arc terrestrial and grow eifhdr^in soil or upon remains 
of plants or animals. 

If conditions are favorable, most Eutoycetae have the p^t body 
forming reproductive bodies after it has attained a ceitain stage 
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of development. Some primitive members of the ff'oup have a trans- 
formation of the entire thallus into reproductive bodies. Generally, 
however, only a portion of the plant bo3y is "thus transformed, and the 
remainder continues in the vegetative state. Reproductive bodies may 
be sexual or asexual in nature. 

Asexual Reproduction. Asexual reproductive bodies are called 
spores. Certain types of them (ascospores and basidiospores) are formed 
at a specific time in the life cycle and immediately following a reduction 
division Other types of spores are purely vegetaMve in nature and 
give rise to a mycelium identical with that pi educing them. Some types 
of vegetative spores are formed directly on a hypha; otlieis are formed 
within special spore-producing organs known as spoiangta. Discussion 
of the various types of spores will be postponed until succeeding chapters. 

Sexual Reproduction. Taken as a whole, the sexual reproductive 
bodies of the Eumycetae show the same evolutionary changes as have 
already been noted in the Chlorophyceae and Phaeophyta. In the 
most primitive Phycomycetac theie is a union of two flagellated gametes 
(zoogarnctes) of equal size. A condition somewhat in advance of this 
isogamy is the union of^two zoogametes ot unequal size (amsogamy). 
The smaller gamete of an anisogamous pair is male, and the larger is 
female. Anisogamy leads in turn to oogamy. Here the female gamete 
(the egg) is always h^rge and inmiobile The male gamete is always 
much smaller than the egg and either a flagellated motile antherozoid 
or a nonflagellated aplanogamde The i^ogamous sexual reproduction 
by a union of two nonflagellatc'd gametes (aplanogametes) characteristic ^ 
of certain Phy corny cetae ))iobably represents a retrogression from 
oogamy. 

The gametes of most Eumycetae* are foimed within special cells, the 
sex organs. Strictly speaking, all such cells should be called gametangia, 
but the term gametaiigiuin is generally restricted to the sex organs of 
isogamous and anisogamous spe(*ies. The male gametangium of an 
o6gamous species is called an anthendiurn and the female gametangium 
an oogonium, • 

In the most primitive class of Eumycetae, the Phycomycetae, the 
product of gametic union is a zygote. It generally becomes surrounded 
by a thick wall and enters upon a peiiod of rest. Zygotes of many, 
if not all, phycom^cetes hav^a union of the niudci contributed by the 
two gametes. It is very probable, although not so definitely established, 
that the fusion nuclei of Phycomycetae undergo a reduction division 
before a zygote gorminatos.^ 

The zygote, or the morphological equivalent of it, of the Ascomycetae 
and the Basidiomycetae does not secrete a wall and enter upon a period 

^ This is not the oaso^n one exceptional genus {AUomycea^ page 384). 
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of rest; neither is there a reduction division before it begins development 
into a succession of cell generations that are diploid. Production of 
diploid cells terminates with the formation of a special cell (ascus or 
basidium) in which there is a reduction division of a diploid nucleus. 
A more complete discussion of the rather complicated developmental 
changes following gametic union in Ascomycetae and Basidiomycetae 
will be given in Chaps. XII and XIII. 

Origin of the Eumycetae. There are two conflicting theories con- 
cerning the origin of the true fungi. According to on^ theory, they are 
derived from algae; according to the other theory, they are derived from 
protozoa. Adherents of the algal theory hold that the Phycomycetae 
are Chlorophyceae which have lost their chlorophyll and thus changed 
from an autotrophic to a hcterotrophic mpde of nutrition. They hold 
that change in method of nutrition has not been accompanied by changes 
in method of sexual reproduction and point to the marked similarity of 
this in oogamous Chlorophyceae and Phycomycetae. Such a derivation 
of the Phycomycetae overlooks the fact that there are fundamental 
differences between Phycomycetae and the known Chlorophyceae which 
regularly lack chlorophyll. Saprophytic or parasitic ChlorophycciU' 
regularly have an accumulation of reserve carbohydrates as starch, just 
as do the Chlorophyceae with chlorophyll. On the other hand, Phyco- 
mycetae never accumulate starch and generally accumulate carl)ohydrate.s 
as glycogen. Zoospores and zoogametes of green algae arc nevc'r uni- 
flagellate. Those of a majority of the chytrids (the most primitive of all 
Phycomycetae) and those of certain mycelial Phycomycetae regularly 
have zoospores or zoogametes with a single flagellum. If, as sc'cms to 
be the case, the metabolism and the type of flagellation are characters 
of fundamental importance, the ancestry of the phycomycetes is to be 
sought among the uniflagellate protozoa rather than among the gr(>en 
algae. 

Even if one derives the Phycomycetae from the Protozoa, there still 
remains the question of the origin of the Ascomycetae. There are 
striking similarities in the structure of sex organs and tht* structures 
developed subsequent to gametic union in the Ascomycetae* and the 
Rhodophyceae (page 422). Because of tliis, many think the ascomycctes 
immediately derived from the red algae. However, there are equally 
good reasons for thinking that the distinctive reproductive features 
common to the two groups have been evolved along independent pbyle- 
tic lines. 

Evolution among the Eumycetae. The ^umycetae are a series of 
considerable antiquity, for indubitable phycomycetes have been found 
in the Devonian and parasitic upon the oldest known pteridophytes, the 
Psilophytales. 
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The chytrids stand at the bottom of the phycomycetan series. They 
are mostly aquatic in habit, often with the whole plant body fertile, and 
reproducing sexually by free-swimming zoogametes of equal size. Two 
series with a mycelial type of plant body appear to have been evolved 
from the chytrids; one reproducing by means of uniflagellate swarmers, 
the other by biflagellate ones (Fig. 205). In both series there is a progres- 
sive evolution to oogamy. The uniflagellate series is strictly aquatic. 

Laboulbeniales 
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Fiu. 205.— Diagram showing the suggested interrelationships among the Eumycetae. 

Primitive members of the biflagellate serie.s are acpiatic; advanced mem- 
bers are terrestrial. Phycomycetes parasitic upon land plants are 
generally o<^amous and are always without motile gametes. They may 
or may not produce flagellated asexual spoics. In the zygomyeetes, a 
retrogressive aeries from the oogamous land forms, there are no flagellated 
reproductive bodies. 

The Ascomycetao appear to have arisen among the o5gamous Phyco- 
mycetae. The most primitive ascomycetes have a solitary naked ascug 
developed directly from a ^gotc (page 424). More highly developed 
ascomycetes have a number of asci developed indirectly from a zygote. 
When a number of asci are formed, they are always surrounded by a 
common envelope of sterile tissue. The simpler genera with a number 
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of asci have them irregularly arranged within the envelope; in more 
advanced genera the asci are regularly arranged. 

The basidium, the characteristic feature of the Basidiomycetae, 
probably arose by modification of an ascus (page 472). It is probable, 
also, that this modification took place among somewhat advanced rather 
than among primitive ascomycctes. The simplest of the basidiomycetes 
appear to be those in which the basidium is undivided. Evolution from 
this type seems to have been in two series: one characterized by a verti- 
cally divided basidium, the other by a transversely divided basidium. 

' ^ Classification. Mycologists are in universal accord in dividing the 
true fungi into four classes. Some also include the Myxomycetae among 
the fungi but, for reasons already mentioned (page 361), the myxomycetes 
seem to be a series coordinate in rank with the Eumycetae. The four 
classes of Eumycetae are: 

Phycomycdae in which the mycelium is generally unscptate but may 
be transversely septate. The spores arc produced in indefinite numbers 
within a sporangium. In most members of the class the gametic union 
results in a zygote that forms a thick wall and enters upon a period of rest. 

Ascomycetae in which the characteristic reproductive organ, the ascus, 
produces spores in a unique manner and immediately after a reduction 
division. The number of spores in an ascus is a multiple of two and 
is generally eight. 

Basidiomycetae in which the distinctive reproductive organ, the 
baadium, produces a definite number of spores (frequently four), each 
of which is borne externally on a short stalk 

Fungi imperfedt in which a production of neither ascospores, basidio- 
spores, nor zygotes has as yet been discovered in the life cycle. ThLs class 
is a provisional repository for species that cannot be referred with cer- 
tainty to one of the three foregoing classes. 
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The Phycomycetae, unlike Basidiomyectae and Ascomycctae, do not 
produce one distinctive type of spore. Phycomyeetes reproduce asexually 
by means of sporangiospores that are formed in indefinite numbers 
within a sporangium. In many, but not all, members of the class there 
is a union of gametes to form a zygote that secretes a thick wall and 
enters upon a rest period. Most of the genera have unseptate multi- 
nucl^ate mycelia, but some have a mycelium that is regularly transversely 
septate. There are also genera in which the \egetative portion of the 
plant body is not a true mycelium. The class includes approximately 
130 genera and 1,500 species. 

Many geneia arc aquatic parasites or saprophytes. Others arc 
nonaquatic and either parasitic or saprophytic. Mycelial development 
may be extensive in both sapiophytic and parasitic genera, but in neither 
of them is there a production of a thallus of definite macroscopic form. 

Asexual Reproduction. Most members of the class reproduce 

asexually by means of sporangiospores that are formed within sporangia. 
Sporangiospores are formed by a cleavage of the contents of a sporangium 
into an indefinite, and sometimes large, number of protoplasts. This 
method of spore formation is quite unlike that in sporangia (asci) of 
ascomycetes, where a definite number of spores is delimited within the 
protoplast. The protoplasts formed by cleavage within sporangia of 
Phycomycetae may develop one or two flagella and thus become zoo^ores^ 
or they may secrete walls and become aplavospores. A given species 
generally produces only zoospores or only aplanosporcs. In a few excep' 
tional species, and depending upon environmental conditions, either 
zoospores o«iplanospores may be formed.n, Phycomyeetes that regularly 
form zoospores are generally more primitive than those that regularly 
form aplanospores. 

Certain of the more advanced families form spore-like structures 
that become detached from the hyphae producing them. These are 
usually called conidiu and the hyphae bearing them conidiophores. Thia^ 
terminology is open to question since they are not homologous with the 
conidia and conidiophores o^ ascomycetes and basidiomycetes. Instead, 
they seem to be small detachable sporangia that are dispersed by wind^ 
For this reason the name conidiosporanffium is more appropriate^ Gei^ 
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minating conidiosporangia of certain species form one or several zoospores. 
Those of other species functioii in a manner similar to aplanospores and 
germinate directly. Among the Mucoralos there are certain genera in 
which the spores lie in a linear series within the sporangium and in which 
the sporangial wall eventually disintegrates. Sporangiospores of these 
fungi bear a superficial resemblance to conidiophores that have cut off a 
succession of conidia. '* 

Mycelia that have become transversely septate may have certain 
cells becoming thick-walled. These spore-like cells, which are generally 
intercalary, are comparable to the akinetes of green algae. The akinetes 
of phy corny cetes and other fungi arc known as chlamydospores. 

Sexual Reproduction. Most of the Phycoraycotac are known to repro- 
duce sexually, and it is not improbable that this will also be discovered 
among the genera where it has not been noted as yet. Homothallism 
appears to be of more widespread occurrence among the Phycomycetac 
than is heterothallism. The discovery^ that fungi may be homothallie 
or heterothallic was made during studi(\s upon certain Mucorales. 

In a few genera the gametes are produced within undifferentiated 
cells. Generally, however, they are formed in highly differentiated 
gametangia. Gametic union may be isogamous and either by a fusion of 
two morphologically similar uni- or biflagellate gametes {zoogametem) 
or by a fusion of two similar nonflagcJlaic'd gametes (aplanogametes). 
Gametic union may also be heterogamous with a fusion of two gametes 
dissimilar in size. In very rare cases, as Allomyces javanicus Knifcp, 
the heterogamy is anisogamous with both gametes flagellated. More 
often it is oogamous with a union of a small flagellated male gamete (the 
antherozoid)^ or a small nonflagellated male gamete, with a large immobile 
female gamete — ^the egg. The male gamete is produced within an 
antheridium and the egg within an oogonium. In some phycomy cetes 
both gametes are uninucleate; in others one is uninucleate and the other 
multinucleate; in still others both gamete's are multinucleate. Many 
species with both gametes uninucleate have been shown to have a fusion 
of the two nuclei in the young zygote. It is also definitely established 
that, when a uninucleate male gamete unites with a multiiJiue'leate egg, 
its nucleus fuses with one of those in the e^g. There is considerable 
uncertainty as to what happens when both gametes are multinucleate, 
but it is thought that male and female nuclei unite in pairs. 

The zygote formed by union of two gametes generally secretes a 
thick wall and enters upon a period of rest. Upon germination it may 
form one to several zoospores, or zoospore formation may be omitted 
and there may be a direct development o( a hyphal outgrowth by the 
germinating zygote. This hypha may develop into an extensive myce- 

^ Blakeslee, 1904. 
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Hum, or it may grow to a very limited extent and then produce one or 
more sporangia. 

Life Cycle of Phycomycetes. It is very probable that most Phyco- 
mycetae have a rcductional division of the fusion nucleus before or at the 
time of zygote germination. This has been definitely established for 
certain species in which there is a fusion of two uninucleate gametes. 
If these species have a multinucleate mycelium and a uninucleate zygote, 
the life cycle is comparable to that of green algee in which a many-cellcd 
haploid generation alternates with a one-celled diploid phase. In at 
least one phycomycete (Allomyces) there is an alternation of a spore- 
producing generation with a gamete-producing generation. Nuclei in 
the alteniating sexual and asexual generations of this fungus are thought* 
to be respectively haploid and diploid, but this assumption is based upon 
the relative size of the nuclei rather than counts of their chromosomes. 

Origin and Evolution of Phycomycetes. There are many who hold 
that the Phycomycetae are derived from the Chlorophyceae. In fact, 
literal translation <»f the name coined 'when the class \Aas established by 
DeBary-* means algal fungi. The chief leason for deriving the phyco- 
mycetes from the gieen algae is the great similarity in sexua l repjro duc* 
tion of the oogamous Phycomycetae (the oomycetes) and the oogamous 
Chlorophyceae. Suggested algal ancestors of the oomycetes include 
Cyluidroca psa^ and Vauchina,"^ Some of those advocating a chlorophy- 
cean- origin hold that this has been polyphyletic and that the isogamous 
aplanofjhmetic Phycomycetae (the zygomycot(‘s) and the chytrids 
originated independently from the oomycetes. The Zygnematales have 
been suggested as a possible starting point tor the zygomycetes® and the 
Chlorococcales as the starting point for the chytrids.® A polyphyletic 
origin from algae is abo implied in the old systems of classification^ that 
grouped algae and fungi together in classes differing from one another in 
method of reproduction. Some modern adherents of this idea go so far 
as to refer the phycomycetes to orders named from the algae (for example, 
Protococcales, Sjurogyrales, Vaucheriales, Gonfervales). 

Others'* think that the Phycomycetae are derived from the Protozoa. 
Those belming in this theory hold that the chytrids are the most primi- 
tive of the phycomycetes and are not retrogressive from the oomycetes. 
Arguments cited in support of this include sexual reproduction by motile 
isogametes and the simple structure of the plant body. It is also held 

that the flagellated zoospores and gametes of chytrids bear a much 

• 

1 Kniep, 1930. * DcBary in Fuckol 1860-1875 ^ DeBary, 1881. 

* Von Tavol, 1892. ® VouiTavol, 1892; VuiUcmin, 1912 

•Davis, 1903; Griggs, 1012; Kusano, 1912; Ijagerhcini, 1893 

^ Cohn, 1872; Sachs, 1874. “ Clements and Shear, 1931. 

•Fischer, 1892; Dangcard, 1886, 1903; Atkinson, 1909; Cavers, 1915; Cook, 1920. 
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closer resemblance to protos oa than they do to zoospores and motile 
gametes of green algae. The chief argument for thif4 is the uniQagellated 
swarmer found in most chytrids. Such motile cells are common among 
the protozoa and unknown among the greon algae. Taken by itself 
the type of flagellation would not be a justification for a derivation from 
the protozoa, but this correlates with other characters, including 
metabolism of the protoplast. 

As between the two theories, that of a derivation from the Protozoa 
seems the more probable. The most primitive series among the phyco- 
ftiycetes (the chytrids) is usually considered a monopliyletic one, but 
there is a possibility that it is polyphylotie iu origin. In any case, there 
appear to be two phyletio lines leading from the chytrids. Both have 
mycelial plant bodies, })ut one reproduces by uniflagellate swarmers, 
the other by biflagellate ones. Sexual reproduction in the uniflagellate 
series of mycelial phycomycetis shows an ad\ance from the auisogamy 
found in the Blastocladiales to a true oogamy found in the Monoble- 
pharidales. The simplest niepibeis among the biflagellate mycelial 
phy corny cetes (the An cy list ales) are oogaiiious and have a fusion of tw^o 
aplanogametes of dilT(‘ient size. Evolutional v changes in sexual repio- 
duction of more advanced mc'inberK of this series (Saprolegniales, Perono- 
sporales) are along the line of a higher differentiation of the two 
aplanogametes. The zygomycetes cannot Ix' lef erred to either series with 
certainty because they iiCAcr foim motile leproductivc cells. However, 
their affinities seem to lie with the biflagollate sprios. It is not improba- 
ble that their aplanogamic isogamy represents a letrogression from the 
aplanogamic oogamy found in ooniycetes wdth biflagcdlate zoospores. 

Classification* The filamentous Phycomyf etac are gcmerally divided 
in two orders, the Oomycetae and the Zygomyeetae. The chytrids may 
or may not be included as a third order. The placing of all oogamous 
phy corny cetes in one order is decidedly artificial, and it obscures the 
probability that oogamy has arisen in independent phyletio lines among 
the phycomycetes. The same is true, but to a more limited extent, when 
all zygomycetes are placed in a single order. The recent^ reclassification 
of the Phycomycetae into a number of orders, instead of mteipornycetae 
and Zygomyeetae, seems to be a much more natural arrangement. 
When the chytrids are included among the Phycomycetae, the class may 
be divided into eight orders. 

Oru:)ER 1. CTTYTRIDIALES 

The Chytridialca have a uni(»ellular plant body that is never a true 
mycelium. In most cases all or the majot* portion of the plant body 
develops into a single sporangium or gametangium, but there may be a 

‘ Fitzpatnek, 1930. 
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formation of several reproductive organs. Asexual repifeduction is by 
means of uni- or biflagellate zoospores. Sexual reproduction is by a 
fusion of flagellate isogametes. The order includes some 45 genera and 
275 species. 

A few members of the order are saprophytes, the others are parasites. 
Many of the parasitic genera grow upon aquatic phycomycetes or upon 
fresh-water algae. There are also some Chytridiales that are parasitic 
upon terrestrial aiigiosperms. A very few species are parasitic upon 
marine plants. 

In most cases the parasite is restricted to one cell of the host. If the 
body of a chytrid is not differentiated into fertile and vegetative portions 
(as in Olpidiaceae, Woroninaceae, and Synchytriaceae), it lies wholly 
within one host cell. Other Chytridiales (the Rhizidiaceae) have the 
plant body differentiated into a single globose fertile portion and a rhizoi- 
dal vegetative portion in which the branches gradually taper to a hair-like 
tip. The fertile portion of such a thallus mav lie external to the host 
cell or within it. In still other chytrids (the Cladochytriaceae) the plant 
body is a gradually attenuated system of rhizoidal branches in which 
fertile areas arc developed at various points in the branching system. 
Such a thallus has been called' a rhizomycelium. Some chytrids, as 
Synchytrium, have a protoplast that remains uninucleate until shortly 
before reproduction; others, as Olpidium, have the number of nuclei 
incrcasiug as the protoplast grows in size. All chytrids are multinu- 

cleate at the time of reproduction and with either a progressive or simid- 

taneous cleavage of the protoplast into uninucleate zoospores or gametes. 

The structure of the plant body, the structure of the flagellated repro- 
ductive cells, and the mode of germination are the bases upon which the 
order is divided into families. The phyletic relationships between the 
various families are obscure, and it is* impossible to hazard a guess as to 
which is the most primitive. There is equal uncertainty as to whether 
or not the order is a monophyletic series. However, there is a general 
agreement that the Synchytriaceae and the Cladochytriaceae are more 
highly specialized than are other families. The order is divided into 
five families.'* 


FAMILY 1. KHIZIDIACBAE 

The Rhizidiaceae have a plant body differentiated into a single 
globose fertile portion and a vegetative portion of gradually attenuated 
rhizoidal branches. Most members of the family have the fertile portion 
external to the host cell,* but some of them have it within the host. 
Reproduction is by division of the fertile portion into uniflagellate 

' Karling, 1031, 1932. 
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zoospores or gametes. The family contains about 20 genera and 100 
species. 

Rhizophidium is an aquatic genus with about 30 species. Unlike 
most other Chytridiales, the genus is found in both fresh and salt water. 
Two marine and twelve fresh-water species have been recorded from the 
United States. Most of the fresh-water species are parasitic and grow 
upon algae, upon other aquatic fungi, or upon pollen grains. One 
species is saprophytic and grows on submerged decaying twigs. 

The fertile portion of the plant body is more or less globose, sur- 
rounded by a distinct wall, and lies external to the host cell. The 



Fiq 206 — Rhtzophtdium ovatum Couch A-B, early staKOb in j^ernunation C, 
mature plant body D, cleavage into zoospores E liberation of zoospores {After 
Couch, 1936.) (X 1,250) 


vegetative portion is naked and consists of delicate, attenuated, rhizoidal 
branches that ramify through the protoplast of the host (Fig 206^4 -C) 
At the time of reproduction^ the contents of the rc'productive portion 
cleave into many angular protoplasts, each of which is metamoiphosed 
into a uniflagellate swarmer (Fig 206D-JE?). These escape thiough one 
or more pores in the wall. All swarmers may swim out within a few 
seconds after the pore opens,^ or they may cn^c]) out slowly in an amoe- 
boid manner and then swim away. The uniflagellate swainvjrfe may be 
zoospores or zoogametes. Zoospores swim about with their flagella 
trailing behind. When one of them comes to rest upon a host cell, it 
may do so with the flagellated end upward. In such a case the flagellum 
disappears and a delicate rhizoidal outgrowth grows into the host from 
the other end of the fungus (Fig. 206A). The fertile portion of the fungus 
that lies external to the host secretes a wall and increases rapidly in size 
Development to maturity of R. ovatum CoucS may be completed within 

20 hours.® 


L Couch, 1932 


* Couch, 1935. 
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Sexual reproduction of R. ovatum is by means of imiflagellate gametes 
of equal size. A male gamete comes to rest upon the host, loses its 
flagellum, and sends a delicate rhizoid into the host in the same manner 
as a germinating zoospore ^ Shortly afterward a female gamete becomes 
applied to the male gamete and loses its flagellum (Fig. 207). Both of 
the apposed gametes increase greatly in size and secrete a wall. As 
enlargement continues, the contents of the male cell migrate into the 
female cell, and the two nuclei unite The spherical zygote borne upon 



/ 


Fio 207 ~ Rhizophidium ovatum Couch A, male gamote B-Dt gametic union. 
E stages in gradual enlargement of zygotes mature zygote {After Couch, 1935 ) 
(X 1,875) 

the empty male cell secretes a fairly thick wall This zygote may 
germinate to form zoospores within two or three days.^ 

FAMILY 2. OLPIDIACEAE 

In the Olpidiaccao the entire plant body of the fungus lies within the 
host cell, and all of it is fertile. It reproduces'by means of uniflagellate 
swarmers that may be either zoospores or zoogametes The naked 
swarmer comes to rest upon the host and secretes a thin wall. The 
protoplast of this cell then migrates into the host and there contim^es 
development. The family includes about eight genera and 60 species. 

Oljndium, the largest genus of the family, has about 25 species. 
These grow on a variety of hosts, including fresh-water algae, other 
» Couch, 1935. 
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aquatic fungi, pollen grains, and the epidermal cells of vascular land 
plants. The most thoroughly investigated species is 0. Viciae Kusano, 
a parasite infecting epidermal cells of leaves and stems of Vieia unijuga 
A. Br. Development of the fimgus may be rapid and into a thin-walled 
cell (the “summer spore”) or slow and into a thick-wailed cell (the 
“winter spore The uniflagellate swarmers produced by the summer 
spore are generally called zoospores, b\it it is more probable that they are 
gametes which may develop parthenogenetically into other haploid 
summer spores or unite in pairs and develop into diploid winter spores. 

A young summer spore within a host cell is a naked globose mass of 
protoplasm. If there has been but a single infection of a host cell, the 



Fig. 208. — Olpidium Viciae Kusano. A-B, stdf^es in dovcloiiment of sinnnier spores. 
Cf liberation of sooida from a summer spore {After Kusano, 1012) ( i, X tOO, B, 

X 900; C. X 800.) 

fungus may increase in size until it fills almost all of the cell (Fig 208A-/J). 
Increase in size of the fungus is accompanied by a repeated division of 
its nuclei.^ The wall surrounding the parasite is not plainly evident 
until late in its development. After a few days, and when the fungus is 
nearly mature, there is a development of a small beak-like outgrowth, 
the future exit tube, that grows through the host cell wall. Soon after 
this the whole protoplast of the fungus becomes divided into a large 
number of uniflagellate sw^armers. The tip of the beak-lilft^ exit tube 
mptures suddenly, and the swarmers swim out with their flagella trailing 
(Fig. 208C). Under favorable conditions the cell becomes empty within 
two or three minutes. At the end of the free-swimming period, the swarm 
spore creeps over the surface of the host in an amoeboid fashion, comes to 
rest, assumes a spherical form, and secretes a thin wall. The protoplast 
of this small cell soon sends forth a iiaked^haustorial outgrowth that 
grows through the underlying host cell wall; this is followed by a migrar 
tion of the entire protoplast into the host cell. 

^ Kusano, 1912. 
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Sexual reproduction of 0. Vtciae is by means of imiflagellate zooga- 
metes pi oduced by the summer spores. ^ Certain other species of Olptdtum 
are also kno\^n2 to have a similar fusion of gametes. Union of gametes 
takes place ^hile both are motile, and the resultant biflagellate zygote 
remains motile for some time (Fig 209il). It eventually comes to rest 
upon the host and becomes invested with a thin wall. Its protopliust 
also sends out a haustorium that perforates the host cell wall, and this is 
followed by a migration of the protoplast of the zygote into the host cell 



Fig 209 — OJpidium \%CLae Kusano, gametic ijnion and do\elopmcnt of the winter 
spore Af gamctu union Ji gczniinitiou of /sygotcs E F, overwintering stages 
before ind after union of tho iiuolei (?, multinuoleate stage just before germination 
{AflirKusano 1012) (A D, X 1,200, i G. X 1,250 ) 

(Fig 200/? D). Thi» protoplast contains the two nuclei derived from 
the two gametes. The resemblance bebteen infection by zoospoies (or 
parthenogenetie gametes) and zygotes ceases at this stage A protoplast 
originating through gametic union enlarges considerably, secretes a 
thick wall, and enters upon a rest period that lasts until the next spring. 
The two gamete nuclei enlarge considerably but do not fuse with each 
other im4K^ flte next spring (Fig 209B F), When they do unite, there 
is an almost immediate division and redivision of the zygote nucleus 
(Fig, 209f7). It is very probable that the first divisions are reductional. 
The contents of the thick-walled, multinucleate, winter spore then cleave 
to form a number of uniflagellate zoospores These swarm and then 
germinate to form summer spores 

FAMAy 3. SYNCH YTRIACEAE 

The Synchytriaeeae have the entire plant body lying within a host 
cell, surrounded by a wall, and all of it developing into cither a thin- or a 
^ Kusano, 1912 *Cook and Collins, 1935 
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thick-walled, spore-like cell that eventually forms a number of aplano- 
spores. Upon germination each aplanospore produces a number of 
uniflagellate zoospores or zoogametes. There are two or three genera 
in the family and about 75 species. 

Synchytrium, a genus with about 70 species, is a widely distributed 
paxasite in epidermal cells of various angiosperms. Most species cause 



Fiq. 210. — A-Ct Summer spores of Synchytrium sp. A, uninucleate stage. B, multi- 
nucleate stage. C, after cleavage into aplaiiospores. D-F, S. endohioticum (Schilb.) Perc. 
D-Et gametic union. Ft germination of zygote. {D-Ft after Curtis, 1921.) (A-C, X 

326; D-Ft X 2,000.) 

a gall-like swelling of the infected host tissue (Fig. 210A). In some 
species the mature fungus is always surrounded by a thick wall; in others 
it may be surrounded by either a thin or a thick wall. F^r4jertain of 
these latter species, it is definitely established that the thick-walled fungus 
cell (the winter spore) develops from a zygote and that production of 
the thin-walled fungus cell (the summer spore) is not preceded by gametic 
union* ^ 

A cell developing into a summer spore is uninucleate until it has 
grown to nearly full size. Enlargement of the fungus is accompanied by 
a conspicuous increase in size of the nucleus (Mg. 210A). As the fungus 
approaches maturity, its nucleus enters upon a series \)f divisions (Fig. 
210£). This may be followed by a progressive cleavage that cuts it 

^ Curtis, 1021; Kusano, 1030; Kohler, 1031. 
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up into many uninucleate protoplasts,^ or into several multinucleate 
protoplasts.^ The protoplasts thus formed become rounded and secrete 
a wall (Fig. 210C7). These bodies are usually called sporangia^ and the 
mass of them a sorua. However, from the morphological standpoint, 
they are aplanospores. Whether uninucleate or with several nuclei 
when first formed, each aplanospore eventually contains a large number 
of nuclei. When an aplanospore germinates, its protoplast divides to 
form a large number of uniflagellate zoogainctes. In most cases the 
gametes develop partheiiogcnetically into thin-walled summer spores. 
At the time of infection, the zoogamete migrates directly through the 
host cell in an amoeboid fashion. 

Conjugation (Fig. 210 D-jB) of gametes takes place outside the host 
and either while both gametes are motile® or after one of the conjugating 
pair has lost its flagellum.^ Conjugation is followed by an immediate 
fusion of the two gamete nuclei and an amoeboid migration of the naked 
zygote into the host cell (Fig. 21 OF). There it develops into a thick- 
walled uninucleate winter cell. WIkui a winter spore germinates in the 
following spring, its protoplast t)ecomes multinucleate. This may be 
followed by a division into a large number of uniflagellate zoospores or 
into several multinuclealte aplanospores each of vrhich forms many 
zoospores upon germination. 

FAMILY 4. CLADOCHYTUIACKAK 

The Cladochytriaceae have a rhizomycelial type of plant body that 
may ramify through several host cells. Here and there the vegetative 
portion of the plant body is (uilarged into spindle- or top-shaped spindle 
organs. A rhizoinycelium also bears several terminal or intercalary 
sporangia that produce uniflagellate zoospores. Sexual reproduction is 
of extremely rare occurrence and takes place by a fusion of uniflagellate 
zoogainetes. 

The type genus Cladochytrium grows parasitically upon Cliloro- 
phyceae, Charopliyceae, and certain aquatic angiosperms. There are a 
half dozen or more species, and certain of these have been cultivated^ 
under sapt'dj^ytic conditions. The rhizoinycelium consists of gradually 
attenuated branches that usually extend through several adjoining host 
cells (Fig. 211 A). Here and there in the rhizomycelium are more or less 
spindle-shaped enlarged portions, the spindle organs or turbinate organs. 
They arc purely vegetative in nature, .but their precise function is 
uncertain. One suggested function is that of a center for reduplicati 9 n 
of the rhizoinycelium.® spindle organ is usually blocked oflf from 

the remainder of the thallus by transverse septa, and it may be divided 
into two or more cells by transverse walls. 

» Harper, 1899. * Curtis, 1921 > Kusano, 1930. 

« Karling, 1935. » Karling, 1931. 
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A mature rhizomycelium generally has several sporangia. These 
may develop either at the tips of the branches or some distance back 
from a branch tip. Sporangia! development (Fig. 211 A) begins with a 
localized swelling of the rhizomycelium.^ Enlarging sporangia are club- 
shaped, but fully developed ones are globose and with one or more tubular 
outgrowths, the future exit tubes. The mature sporangium is invested 
with a distinct wall that delimits it from the remainder of the rhizo- 
mycelium. The protoplast within a sporangium cleaves progressively* 
to form a number of uniflagellate zoospores that are discharged through 



Fig. 211 . — Cladochyirium replicatum Karlinfi; A, thallus in leaf of Enocaulon sep- 
tangulare With. B, spore discharge from a sporangium C, zoospores. D, germinating 
zoospores. {After Karling^ 1931 ) 

the exit tube (Fig. Sometimes^ the sporangium develops a very 

thick wall and functions as a resting spore. Upon germination these 
resting sporangia produce zoospores that are discharged through a newly 
formed exit tube.^ Infection of the host seems to be by a zoospore 
coming to rest, losing its flagellum, and forming a germ tube that grows 
directly into a host cell (Fig. 211C~D). 

Sexual reproduction has nvver been observed in Cladochytrium, 
Fusing pairs of uniflagellate swarm spores have been obserynd in another 
genus of the family.® 


FAMILY 5. WORONINACBAE 

Genera assigned to the Woroninaceae have a plant body that is 
parasitic upon a single host coll and one in which the whole thallus is 
fertile. Different from all other Chytridiales, reproduction of the 
Woroninaceae is by biflagellate zoospores, pne genus (Olpidiops^'a) is 
known to reproduce sexually by means of aplanogametes of unequal size. 
The family includes about 4 genera and 15 species. 

^ Karkng, 1931. * Karling, 1937. ’ Karling, 1935; Sparrow, 1931. 

« Karling, 19S5. • Karling, 1934. 
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Olpidiopsia is a genus with about five species, all of them parasitic 
upon Saprolegniales. The thallus of Olptdtopns is an ellipsoidal proto- 
plasmic mass that hes wholly within the host. Growth of the plant body 
is accompanied by a continued increase in the number of nuclei,^ and it 
does not become invested with a wall until it is almost mature (Fig. 
2124-5, D). 

Asexual reproduction is by a cleavage of the cell contents into uni- 
nucleate protoplasts (Fig. 2120, 6a'<^h of which is metamorphosed mto a 



Fig 212 — A, sporangia and zygote of Olpidiopais Saprolegnuie (Cornu) Fischer 
B-Ft 0 vexana Barrett B-C, seotions of sporangia before and after cleavage of protoplasm 
Dt surface view of a sporangium E zoospores. Ft sexual reproduction. (A, after Cokett 
1Q23, B Ft after BarrUtt 1912 ) 

biflagellate1S*dbspore.' The zoospores are hberated through one or more 
exit tubes that project through the host cell wall When in the free- 
swimming condition, a zoospore is broadly ovoid and has the two flagella 
inserted at or near one pole (Fig 2125). Zoospores that have ceased to 
swarm come to rest upon the host and secrete a thin wall. The parasite 
then forms a small pore in the host cell wall, and its protoplast migrates 
into the host cell. 

Instead of producing zoospores the entire mature vegetative plant 
body may develop into a single multinucleate, nonflagellated gamete. 

* Barrett, 1912. 




384 


ALOAE AND FUNGI 


Plants developing into male and female gametes lie adjacent to each 
other. The antheridial plants are surrounded by a wall and have proto- 
plasts containing several nuclei.^ The oogonial plants are larger, and 
their protoplasts contain many more nuclei. At the time of fertilization 
the cell walls disappear in the region of mutual contact, and the proto- 
plast of the antheridium moves into the oogonium (Fig. 212F). Some- 
times the contents of more than one antheridium moves into an oogonium. 
The zygote formed by fusion of the two gametes secretes a thick wall 
that may be smooth or ornamented. ^ The empty antheridium (the 
appendicular cell) remains attached to the zygote for a considerable time. 
Germination of the zygote has not been observed. 

ORDER 2. BLASTOCLADIALES 

The Blastocladiales have a true mycelial type of plant body in which 
the lowermost hyphae are broader than the others. Asexual reproduc- 
tion is by means of uniflagellate zoospores produ(‘ed in sporangia formed 
at the tips of hyphal branches. Sexual reproduction is anisogamous 
and by a fusion of uniflagellate zoogamc'tes. 

The two genera of the order, Bladocladia and AllomyceSy are placed 
in one family, the Blastocladiaceae. Sexual reproduction lias not been 
observed in any of the seven species of Blastocladia but has been found 
in both species of A llomyces. 

AUomyces is a saprophyte that is usually found growing on dead 
insects or other substrata of animal origin. Its mycelium grows erect 
from a rhizoidal system of delicate hyphal branches. A single* stout 
hypha arises from the rhizoidal system, and it g(*nerally has several 
successive dichotomous branchings (Fig. 213^1). Tin* branches tend to 
become progressively smaller at each dichotomy. Th(*re is aLso a com- 
plete or incomplete transverse septum at each dichotomy. 

Sporangia develop singly or in a catenate succc^ssion at the tips of the 
ultimate dichotomies (Fig. 213^4). The sporangia of A, arbuscula 
Butler are broadly ovoid. Their development begins with a swelling of 
the multinucleate tip of a hypha and a formation of a transverse septum 
that separates the swollen jiortion from the remainder <JI' ^he hypha. 
The number of nuclei increases as the sporangium grows in size.® A 
progressively inward furrowing of the plasma membrane ultimately 
divides the sporangial contents into uninucleate protoplasts, each of 
which is then metamorphosed into a uniflagellate zoospore (Fig. 213C). 
The zoospores are liberated through one or more pores developed in the 
sporangial wall.^ Instead of dividing into zoosj)ores, the whole proto- 
plast of a sporangium may form a thick special wall internal to the original 

^Barrett, 1912. * Barrett, 1912; Coker, 1923. 

* Barrett, 1912 A; Lugg, 1929. ♦ Barrett, 1912A; Butler, lOll; Coker, 1923. 
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sporangial wall.* This multinucleate akinete or “chlamydospore” 
(Fig. 213£) may be liberated by a breaking of the old sporangial wall.* 
After a rest period of several weeks the chlamydospore germinates by 
forming a number of zoospores * 

Sexual organs are formed at the tips of the ultimate dichotomies of a 
mycehum but never on one bearing sporangia. The sex organs are 



Fkt 2H — Allomycis jnia?iicu<i Kmop A, thillus B thdllus apex with sporangia 
and an akiiu*to C, zoospou D ^oung sex organs E liberation of gametes from sex 
organs F male ginietc (i, fcnidle g\metc //, gimetie union /-j, motile zygotes, 
(0 /, ajUr .. I'iJO ) ( I, X 120, /i, X 4S5 ) 

liorne in shoit catenate scries in which oogonia and anthcridia generally 
alternate with one another on the same branch.* The sex organs have 
the same geneial shape as s]K)raiigia. Antheiidia and oogonia may be 
distinguished fioin each other liy the lelative density of their protoplasts 
(Pig. 213D). In A. arbuscula the anthendia have denser protoplasms 
than do the oogonia;* in A. javantcus the reveise is true.® Young multi- 

‘ Barrett, 1912il; Butler, 1011 « C'oker, 1923 

• Barrett, 1912.1 ; Kiiiep, 1930 * Hatch, 1933; Kmep, 1929. 

‘ Hatch, 1933 • Knicp, 1920 
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nucleate antheridia and oogonia have approximately the same number of 
nuclei, but the number in an antheridium eventually becomes two to 
three times that in an oogonium.^ Gametes are formed by progressive 
cleavage, and the uniflagellate zoogametes escape singly through one or 
more pores in the oogonial or antheridial walls (Fig. 213E). Free- 
swimming female zoogametes have a length and breadth more than 
double that of male zoogametes (Fig. 213F-J). Fusion generally takes 
place while both gametes are motile. ^ The zygote may be biflagellate 
and continue to swarm for a few minutes, but it soon settles down, and 
begins germination within an hour. 

In A. javaniem the mycelium developing from a zygote produces 
only sporangia or chlamydospores, never gaiuetangia.^ It is thought 
that the nuclei of this mycelium arc diploid. This opinion'* is based 
upon the relative size of the nuclei in asexual and sexual plants rather 
than upon the actual counts of chromosomes. If this is the case, the life 
cycle of A. javamms involves an alternation of haploid and diploid 
generations that are identical in appearance. This alternation is not 
obligatoiy since the asexual generation may be reproduced by a formation 
of diploid zoospores. 

ORDER 3. MONOBLEPHARTDALES 

The Monoblepharidales have a weIl-develoj)ed mycelium that 
produces sporangia and sex organs. Asexual rei)roduction is by means 
of uniflagellate zoospores, llie Monobl(‘pharidales are the only obgain- 
ous phycomycetes in which an egg is fc'rtilized by a flagellated anthero- 
zoid. They differ from most other mycelial phycomycetes in that the 
zoospores and antherozoids arc uniflag('llate. 

There is but one family, the Monoblepharidaceae. It contains two 
genera: Monoblepharis with seven si)ecies and Gonapodija with two. AH 
species are aquatic saprophytes that grow in permanent pools of clear 
fresh water. ^ They are usually found on dead twigs of various trees, 
but they have also been found on other substrata. 

The mycelium of Monoblepharis is usually attached to the sub- 
stratum by rhizoidal hyphae. According to the species,*TiJe -.remainder 
of the thallus consists of rigid, vsparingly branched hyphae that tend 
to lie free from one another (Fig. 214 A) or of freely branched hyphae 
that lie interwoven in a felted mat. The hyphae are unseptate during 
vegetative growth. The cytoplasm is alveolate and with a uniseriate row 
of nuclei that lie equidistant from one another. Reproductive organs 
are developed at the tips of the hyphae, and the type of organ developed 
is contingent upoq the temperature. If it is 8 to 11®C., reproduction 

* Hatch, 1933. * Hatch, 1933; Kneip, 1929. 

* Kniep, 1930. * Sparrow, 19^. 
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is asexual; if the temperature is raised to about 20®C., sexual reproduction 
will follow.^ 

Asexual reproduction (Fig. 21AB-E) is by means of uniflagellate 
zoospores produced within a narrowly cylindrical sporangium separated 
from the remainder of the mycelium by a transverse septum. The proto- 
plast within a sporangium may contain a uniseriate or a multiseriate 



Fill 214 - At E Jt Lt Monohicpharis polymorphn Cornu 5-/>, K M macrandra 
(Lag) Woronm A, thallus with inatiire so\ oiKjns U D, (le\ elopment of sporangia 
Et zoospore F J, diagrams of suroossivo stages in fertili/ition and de\e1opment of 
zygoto Kt union of gimetes L, g( iiniiiition of zygote (4, A-/", aftir ^SparroWt 1933, 
B-D, K L,ajnr yMtbach, 1027 ) (.1, X 1S5, B-D, X 140, B, X 0.10, F-J, X 676, K-L, 

X 440.) 

row of nuclei.® In cither case, there is a cleavage of the sporangial 
contents into angular, uninucleate protopLists that become metamor- 
phosed into zoospores. A mature sporangium has a circular pore at its 
apex, and one by one the zoospores creep out through it in an amoeboid 
fashion. The flagellum of an emerging zoospore remains attached to the 
pore for some time, and the body of the* spore oscillates back and forth. 
Eventually the spore becomes free and swims about through the water, 
‘Sparrow, J933 ‘Twaibach, 1927. 
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trailing its flagellum behind it. Upon coming to rest, the zoospore 
withdraws its flagellum and secretes a wall. When this aplanospore 
germinates, it generally forms two germ tubes, one growing into the 
rhizoidal system of the new plant, the other into the remainder of the 
thallus. In rare cases the entire contents of a sporangium may develop 
into a chlaniydospore.^ 

Development of sex organs is preceded by a formation of several 
transverse septa in the distal portion of a hypha. These cells alter- 
nately mature into antheridia and oogonia. In some species the oogonia 
lie above the antheridia; in others antheridia lie aboA^e the oogonia. 
Antheridial development, except for the smaller immber of uniflagellate 
swarmers, is similar to that of sporangia. The oogoiiial protoplast is 
lUUlUMdeate from the beginning, ^ and, during the course of oogonial 
development, there is a formation of a pore in the apical portion of the 
oogonial wall. 

At the time of fertilization (Fig. 214F-J) an anth(u*ozoid swims 
to an oogonium and then crawls, in an amoeboid fashion, over the 
oogonial wall until it reaches the pore.* It then crawds through the* 
pore and fuses with the egg. The resultant zygote may ren\ain within 
the oogonium or migrate out from the oogonium and remain attached to 
the pore in the oogonial wall. In either case there is a secndioii of 
a thick zygote wall. The two gamete nuclei do not unit(‘ until the 
zygote wall is formed (Fig. 214/^), and maturation of the zygote takes 
several months. During this time there is a reduclional division of 
the fusion nucleus,^ and each of the four daughter nuclei may divide 
once or twice. The zygote wall cracks at the time of germination, and 
the multinucleate protoplast within it sends hnlh a hyplial outgrowth 
that is surrounded by a thin wall (Fig. 214/^). 

ORDER 4. ANC^TTSTAT.ES 

Almost all members of the Ancylistales an' ])arasitic, develop within 
a single host cell, and have a small, sparingly branched mycelium. At 
the time of reproduction the mycelium becomes transv^Qj^ely divided 
into a few cells, each of which develops into a sporangium ’Or into a 
gametangium. Asexual reproduction is by a formation of biflagellate 
zoospores. Sexual reproduction is oogamous and by a fusion of aplano- 
gametes. The order includes about 4 genera ami 20 species. All of 
them arc placed in a single family, the Ancylistaceae. 

Lagenidium is a wddely distributed fungus with some 15 species, all 
but one of them parasitic. Most of the j^irasitic species grow upon 
fresh-water algae, but one parasitizes pollen grains and another parasitizes 

‘Sparrow, 1933. ‘Laibach, 1927. ‘Sparrow, 1933; Thaxter, 1895. 
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the rhizoids of mosses. The single saprophytic species^ may also be a 
facultative parasite upon mosquito larvae, Daphne, and Copepods. 

L Rabenhorstn Zopf grows parasitically within cells of Zygnema- 
taceae, especially Mougcotia and Spirogyra, Its thallus lies wholly 
within a single host cell and consists of an irregularly branched hypha 
(Fig 215i4). The structure of its protoplast is unknown, but it has 
been shown ^ that those of certain other Ancylistales are multinuclcate. 
After the cessation of growth, the hypha of L. Rabenhorstn becomes 
transversely divided into several cells, each of which is fertile. In some 



Rial protoplast iiid form itioii oi roospoios D zoospori shortly iftor hbcrition E, 
zoospoio some time after libcrition sex orpins Aivith zyjcotcs 0, zoospore from a 
Rurmiiiatmt; zvgote {Aftir Cook, 1935) (A B, X 540, C X 790 T) E, X 1 300, 
F X 1S5 (r, X 790 ) 

iudividiials all coils d(>A elop iiito sporangia ; in ot hci s some colls develop 
into sporangia and some into sex oigans.’ 

There is no evident change in a cell developing into a bporangium 
other than a foimation of a tubular outgrowth, the eiit tube, that projects 
through the host cell wall Formation of the tube is followed by a 
discharge 0)1’ the protoplast through it ^ The globobo protoplasmic 
ina&b thus liberated leinains attached to <he tip of the tube and there 
cleaves into several zoospores (Fig. 215B-C). The zoospores are reni- 
forin, with two flagella inserted on the concave side. Within a short 
time they swim away from one another and assume a pyriform shape 
(Fig. 215D-E). Swarming of zoospores may continue for hours or d^s. 
At the end of the swarming period, a zoospoie comes to rest, with the 
flagellate end downward,* upon a host cell and digests its way lUrectly 
through the host-cell wall. 

* Couch, 1935A. * Dangeard, 1903. > Cook, 1935. 
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At the time of sexual reproduction, the fungus generally develops 
antheridia and odgonia from adjoining cells of the thallus (Fig. 215F). 
A cell developing into an oogonium becomes rounded, and its protoplast 
becomes a globose egg that lies some distance in from the odgonial wall. 
A cell developing into an antheridium remains the same shape and sends 
forth a slender tubular outgrowth (the ferhlization tube) that grows 
through the odgonial weill.^ The protoplast of the antheridium then 
migrates through the fertilization tube into the odgonium and there 
unites with the egg. The zygote formed by this gametic union generally 
secretes a thick wall. Germination of the zygote to form a single 
biflagellate zoospore may follow within 24 hours. The protoplast of the 
host begins to disappear when the sex organs are formed and completely 
disappears before the zygote germinates. Zoospores liberated from 
germinating zygotes (Fig. 21 56) are discharged into the empty host cell 
and continue swimming about within it until there is a breaking or a 
disintegration of the host-cell wall. 

ORDER 5. SAPROLEGNIALES 

The Saprolegniales have a well-developed mycelium in which repro- 
ductive organs are developed from the terminal portions of hyphal 
branches. Asexual reproduction is usually by means of biflagellated 
zoospores but may be by moans of aplanospores. In most cases the 
spores are formed within sporangia permanently attached to the myce- 
lium, but there are some species of certain genera that form conidio- 
sporangia. Sexual reproduction is oogamous. All of the oogonial 
protoplasm may go to form eggs, or the peripheral portion of the proto- 
plasm may be cut off in a sterile layer, the penploam. 'VGametic union 
is by fusion of a male aplanogamete with an egg that lies within an 
odgonium. The order includes about 25 genera and 200 species. 

As originally delimited from other oogamous phycomycetes, the 
Saprolegniales included those genera in which all of the protoplasm^ 
within an odgonium goes to form one or more eggs, '^hese eggs were 
thought to develop parthenogenetically.* It is now known that par- 
thenogenesis is the exception rather than the rule. Modern^cytological 
methods have also shown’ that the Saprolegniales intergrade into the 
oogonial type where the outer portion of the oogonial protoplast is 
cut off as a sterile layer, the periplasm. Thus, the major, although not 
the absolute, feature distinguishing the Saprolegniales from other 
odgamous phycomycetes (with fertilization by means of a male aplano- 
gamete) is the formation of biflagellate zoospoi^s in sporangia that remain 
permanently attached to the mycelium. 


> Cook, 1935. i DeBary, 1887. 


* Couch, 19325; Kevorkian, 1935. 



PHYCOMYCETAE 


$01 


The Saprolegniales are divided into three familfee. Ordinarily 
the Saprolegniaccae and Leptomitaccae are the only families included 
in the Saprolegniales, and the Pythiaceae arc placed in the Peronosporales. 
Reasons for including the Phythiaceae with the Saprolegniales will be 
discussed later (page 396). 

FAMILY 1. SAPROLEGNIAi3EAB 

The Saprolegniaccae have a mycelium that is not constricted at 
intervals. The sporangia are generally elongate and only slightly 
broader than the hyphae bearing them. The protoplasm of a sporangium 
usually divides to form many biflagellate zoospores; sometimes it divides 
to form aplanospores, each of which forms a single zoospore. In the 
development of an oogonium all of the protoplast goes to form one or 
more eggs. The family includes some 15 genera and 120 species. 

The Saprolegniaccae are often known as ‘'water molds,'' because 
they are usually found in water and growing saprophytically upon dead 
bodies of insects, fishes, or upon other animal or plant remains. Some 
years ago there was a discove'ry^ that many, If not all, species also grow 
in surface soils. It has also been shown^ that there arc Saprolcgniaceae 
which are parasitic on angiosperms. 

There are about 25 species in the type genus, Saprolegnia, Its 
mycelium is much-l)ranched, unconstricted, and miiltmucleate. When 
individuals of a species are acjuatic m habit and gro\Aiug on dead animal 
or plant remains, some of the hyphae are short and penetrate the sub- 
stratum; others are long and ext(*iid in all directions from the substratum. 

Sporangial development begins with a slight enlargement of the 
terminal portion of a hypha (Fig 2^6/1). After there has been a con- 
siderable streaming of cyto})lasin ai I nuclei into the inflated portion, 
there is a formation of a transverse • upturn that separates the inflated 
portion from the remainder of the L pha. Following this there is a 
progressive cleavage of the multinurVate contents into uninucleate 
protoplasts (Fig. 216-B). Cleavage is generally effected by furrows 
developing from the plasma membrane. The uninucleate protoplasts 
arc metanvwphosed into biflagellate zoo'^rores that are liberated through 
a broad pore developed at the sporangiel apex (Fig. 216C-D). After 
escape of the zoospores, the sporangial base may bulge up into the empty 
sporangium and there develop a new sporangium. This may be repeated 
three or four times, the successively formed sporangial walls lying nested 
one within the other. 

Free-swiinming» zoospores are more or less pyritojcm^.s-nd have the 
two flagella at the narro^ anterior end. After swimming about for a 
time, the naked zoospore comes to rest, loses or retracts its flagella, 

^Harvey, 1925. * Jones and Drechsier, 1925; Drechsler, 1927. 
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assumes a spherical shape, and secretes a wall. This aplanospore 
stage never germinates^rgs^v into a hypha. Instead, its protoplast 
develops into a single zoospore that escapes through a pore in the wall. 



Fig 216 — Saprolegnia ferax (Gruiih ) Thuret A C stages m development of sporangia 
D, empty sporangium (X 160 ) 


This zoospore is always reniform and has the two flagella inserted on 
thQ concave sidc.^ The production of zoospores of two morphological 
types is called diplanetism. In most species when a leniform zoospore 
ceases swarming it rounds up, secretes a wall, and germinates directly 





Fig, 217 — Saprdegma ferax (Grmth ) Thuret A, portion of mycelium with young sex 
organs B, mature sex organs (X 100 ) 

into a hypha; but in S. torulosa DeBy. it may develop into an aplauo- 
apore that germinates to form a second wmiform zoospore.* 

Asexual reproduction may also be effected by a direct formation 
of spore-like cells from a hypha. These “gemnae”. generally lie in a 
catenate series at the end of a hypha, but^they may be intercalary. 
They are comparable to the oidia formed by many ascomycetes. 

> Hohnk, 1933; T^citgeb, 1869 * Holink, 1933 
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Sex organs generally develop singly at the tips of hyphae, but some- 
times several oogonia develop sueeessively posterior to one another. 
The sex organs may be borne at the tips of long hyphae or upon short 
lateral ones. In some species an antheridial and an oogonial branch 
arise near each other (Fig. 217); in other species they do not. There 
is a poshilnlity that, as has been shown^ for a couple of other Sapro- 
legniaceae, that certain of these latter species aie heterothallic. 

Oogonial development begins with an enlargement of a hyjdial tip to 
form a globose body several times the diameter of the hypha (Fig. 218A). 



Fuj 21 S De\el<)pmeiit of sox oreans of ^aprolegiiia A li, oogonia before cleavage 
of protoplast ( , the begiiiiung of doaxage /), just before fertilization E, just after 
fertilization iipening zygotes ( X b50 ) 


The enlarging (K)gonium is filled >\ith aKeolar cytoplasm and many nuclei 
that lie equidistant from one anothei Sooner or later a transverse 
septum is formed between the enlarging oogonium and the subtending 
hypha.* As enlargement eontinues, there is a ioimation of a large central 
vaeuole wdthiii the multiiiueleate protoplast (Fig. 21SB-C). Blunt fur- 
rows growing centrifugally from the vacuolar membrane eventually cut 
the protoplasm into a number of fragments eac*h of wdiich may develop 
into an egg.® In most eases the egg is multiiiueleate when first formed, 
but there is soon a degeneration of aU but one of the nuclei (Fig. 218D). 
The number of eggs withijj a mature oogonium is variable and ranges from 

one to 20 in most species. 

1 Coker, 1927; Couch, 1926. 

* Clausson, 1908; Davis, 1903; Mackel, 1928; Trow, 1896. 
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The antheridia develop singly at the tips of slender hyphae that 
have grown toward, and become applied to, developing oogonia. The 
terminal portion of each of these hyphae enlarges slightly and becomes 
filled with a nonvacuolate mass of protoplasm in which there are a dozen 
or so nuclei. Antheridial development terminates with a formation of a 
cross wall between the inflated portion and the hyphae. In certain 
species, as S. ferax (Gruith.) Thur., no antheridia are developed next 
to a large percentage of the oogonia. If no antheridia lie next to an 
oogonium, the eggs within it develop into parthenosporc,s that are identical 
in appearance with zygotes. If there is an antheriaium next to the 
oogonium, it sends out a doli(‘ate filamentous outgrowth, the fertilization 
tube, that penetrates the oogonial wall and comes in contact with one 
or more eggs (Fig. 218D). Fertilization is effected by a migration 
of an antheridial nucleus and possibly some of the cytoplasm into an 
egg.^ The two gamete nuclei unite with each other, and the zygote 
secretes a thick wall (Fig. 218E-F), 

The zygotes generally ripen for several months before germinating. ^ 
At the time of germination a zygote may send lorth a >short hyi)ha and 
then form several zoospores, or the hypha may develop into a much- 
branched mycelium.^ The type of germination is directly despondent 
upon the amount of available food The scanty cytological observations 
on germination have been on th(» type in which there is a shoit tiibe.^ 
These show that cleavage to form spores may take place before or after 
outgrow^th of the hypha. It is very ]:)robable that, as in another genus 
where germination has boon studied more fully, ^ the hypha is more 
comparable to an exit tub(‘ than it is to a sporangium. 

FAMILY 2. I UPTOMITACEAK 

All of the Leptomitaceae hav ‘ a mycelium that is constricted at 
regular intervals and may or may not be diffiToptiated into a stout axis 
and slender branches. The spo angia are elongate and club-shaped or 
short and pyriform. In either case they are permanently attached to 
the thallus and produce many biflagellate zoospores. The sexual repro- 
duction is oogamous and generally, although not always, witR a» cutting 
off of periplasm about the single egg in an oogonium. The family includes 
some 6 genera and 20 species. 

Mycelia of the Leptomitaceae may be compared to branching chains 
of sausages. On this account they are immediately distinguishable from 
those of other Saprolegniales. Most of the genera® delimit a periplasm 
about the single egg within an oogonium. T^is is generally given as a 

^ Claussea, 1908; Miickel, 1928; Trow, 1895. * Klcbs, 1899; Trow, 1896. 

• Klebs, 1899. ^ Trow, 1895. * Jones and Dreohsler, 1925. 

*King, 1903; Thaxter, 1896; Behrens, 1931; Kevorkian, 1935. 



PHYCOMYCETAB 


395 


distinctive character of the farhily and has been considered* one of the 
major reasons justifying establishment of a special order, the Lepto- 
mitalcs. The recent demonstration* that there is no formation of peri- 
plasm in at least one genus invalidates this generalization. 

Both of the two species of Sapromyces grow in water and upon dead- 
plant remains The mycelium has a single basal cell that may or may 
not be attached to the substratum by a few rhizoids. The basal cell 
bears two or more erect hyphae at its apex, and each hypha is constricted 




Fkj 210 — A C, Sa^omifcts androgynus Thixter A, mycelium with sex orfc«itns and 
sporangia sporangia C, sex urgins D E, dc\clopi’ient of sex organs of S Reinachti 
(Schrotor) Fritsch (A-<\ ajfUi Thaxfet, ISOb, D Ey from Keooikiany 19i5 ) (A, X 70, 

B-r X ?20 D-‘Ey X 500 ) 

at its point of origin. The hyphae are repeatedly di- or trichotomously 
branchpd^md witli a constriction at the base of each forking (Fig. 219a). 

Asexual reproduction is by means of biflagellate zoospores produced 
within subcylindrical sporangia borne in tufts at the ends of the ultimate 
branches (Fig. 219fi). Sporangial development is accompanied by an 
inflow of cytoplasm and nuclei from the underlying hypha. At first the 
nuclei are evenly distributed within the sporangium; later on they 
migrate to the periphery of the cytoplasm as a large central vacuole 
appears in the center dff the protoplast * The peripheral cytoplasm 
then cleaves into uninucleate protoplasts by means of furrows that 

^ KauQUse, 1927 * Kevorkian, 1936 



396 


ALGAE AND FUNGI 


develop centrifugally from the vacuolar membrane. Each protoplast 
is metamorphosed into a reniform biflagellate zoospore in which the 
flagella are inserted on the concave side, one extending forward, the 
other backward. 

Oogonia and antheridia of Sapromyces arise next each other on the 
tip of the same hypha.^ A young oogonium contains 10 to 12 nuclei 
evenly distributed throughout the cytoplasm.^ These undergo one 
mitotie division. The cytoplasm soon becomes differentiated into a 
densely granular peripheral portion and an alveolar central portion (Fig. 
219D-E). All but one of the nuclei migrate to the peripheral cytoplasm 
and begin to show signs of disintegration. The nucleus remaining in 
the alveolar central region enlarges. Sometimes there is a degeneration 
of all but one nucleus without any preceding outward migration of the 
other nuclei. In cither case there then follows a cytokinesis that cuts 
off the outer portion (the periplasm) from the central uninucleate portion 
(the egg). 

The antheridial branches^ arc club-shaped and elongate (Fig. 219C). 
Apparently thcTc is no formation of a transveise septum that cuts off 
the distal portion as a distinct antheridium. Tliere an' four to six nuclei 
in an antheridial branch, ^ and they undergo one mitotic division (Fig. 
219D). Following this, one of them enlarges, and the others degenerate. 
At the time of gametic union the antheridial brancli sends foith a fertiliza- 
tion tube that pushes through the oogonial wall and to the ('gg. This is 
followed by a migration of the male nucleus into the egg and a fusion of 
it with the egg nucleus. Th(' zygote is knowm to develop a thick wall but 
its germination has not l^een observed. 

FAMILY 3. PlTHTAf’EAE 

The Pythiaceae have a wTll-developed mycelium that is without 
constrictions at intervals. Asexual reproduction is by means of biflagel- 
late zoospores that are formed within sporangia which either remain 
permanently attached to the mycelium or become detachable condidio- 
sporangia. Sometimes the conidiosporangia germinate directly into 
hyphae. Sexual reproduction is oogamous and with a cuttihg joff of a 
periplasmic layer about the single egg within an oogonium. The family 
includes about five genera and 46 species. 

The Pythiaceae are a connecting link between the Saprolcgniales 
and the Peronosporales. Their various characters arc so intermediate 
that some"^ refer them to the Pcronosporales and others^ refer them to 
the Saprolcgniales. One reason for placing them among the Perono- 
sporales is the regular formation of a periplasm about the egg. However, 

^ Thaxter, 189G. * KevorkiaD| 1935. 

» DeBary, 1887 * Hchroter, 1892-1893. 
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this is not unique for the Peronosporales since it is quite general among 
the Leptomitaceae, a family that obviously belongs to the Saprolegniales. 
Another argument given for referring the Pythiaceae to the Peronosporales 
is their ability to form conidiosporangia. In all genera of Pythiaceae 
certain species produce conidiosporangia, and others regularly have the 
sporangia remaining attached to the mycelium. Since the majority of 
Pythiaceae form sporangia instead of conidiosporangia, it is probably 
better to refer the family to the Saprolegniales. 

Pill! turn is a genus \vith about 40 species ^ A few species are true 
aquatics and parasitic upon various fresh-water algae, but many more 
grow in soil Many, if not all, ol the species that grow saprophytically 




l<rc. 220 — A Spor indium of apAfim/icrama/iiim (I^dson) rilzpalruk B-D, 

P tnfunudium DoBan B, ronicliosporangu C D discharge of conidiosporangial 
contents iiid form it ion of zoospores ( 1, after Edaon, B)16, B D, after Atkinaon^ 1895 ) 
U, X 125, B, X 550, C 7), X 1,100) 

in soil can also infect tlic roots of \arious land plantb and there continue 
growth as parasites Infection generally takes place at the seedling 
stage oi tlie deAelo]nnent of the host, and PiftJnum often produces 
a wide-spread “damping off^^ of seedlings m gieenhousea, cold frames, 
and seedbeds The fieely branched mycelium of Pythmm does not have 
certain of the hyphae differentiated into rhizoids as do inycelia of Sapro- 
legniaceae. Young mycelia aie unsept ate, but old ones may develop 
transverse septa ^ When the fungus is parasitic, some of the hyphae 
may lie wifhiii and others outside of the host; or all may lie within it. 

Asexual reproduction is generally by moans of biflagellate zoospores. 
These may be formed in sporangia that remain attached to the mycelium 
or in detachable conidiosporangia. Sometimes asexual reproduction is 
effected by a direct germination of conidiosporangia or, as in certain 
Saprolegniaceae, by gemmae. c 

The sporangia are of ^wo types; elongate sporangia that are of the 
same diameter as the hyphae bearing them and those that are globose 
and much broader than the hyphae. Sporangia of the first type are 
* Matthews, 1931 * Butler, 1907. 
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always formed toward the end of a hypha. The portion developing into 
a sporangium may be unbranched or have several irregularly twisted 
lateral branches (Fig. 220^4). In certain species the sporangial portion 
is set off from the remainder of the mycelium by a transverse wall;^ in 
others it is not.^ The method of zoospore formation is variable, even in 
the same species. Some individuals of P. aphanidermatium (Edson) 
Fitzpatrick have a progressive cleavage of the sporangial contents into 
uninucleate protoplasts that metamorphose into biflagellate zoospores.^ 
The mass of spores thus formed lies within a delicate wall distinct from 
the sporangial wall. A larger number of individuals of P. aphanider^ 
matium have the protoplast within a sporangium remaining undivided 
and becoming surrounded by a special wall. The protoplast, surrounded 
by a special wall, then moves out through a break in the sporangial wall. 
In such a case, cleavage and metamorphosis into zoospores follow 
immediately after emergence.^ The membrane surrounding the mass of 
zoospores persists for a short time only. After it disappears, the zoo- 
spores swim freely in all directions. 

Globose sporangia generally develop at the ends of hyphae, but the 
apex of a sporangium may proliferate a hypha and the sporangia thus 
become intercalary.® Globose sporangia have transverse walls between 
them and the hyphae on which they develop (Fig. 220B). These 
sporangia generally have an evident exit tube, and they always discharge 
their protoplasts before cleavage. The discharged protoplasts are always 
surrounded by a thin wall that persists until after the zoospores are 
formed (Fig. 220C~D). Some species develop detachable globose 
sporangia. Such conidiosporaiigia may germinate directly, or they may 
have a division of their contents into zoospores. Sometimes sporangia 
and conidiosporangia have their protoplasts secreting a thick wall and 
becoming chlamydospores that generally remain dormant for several 
weeks. A germinating chlamydospore may form zoospores, or it may 
send forth a hypha that grows directly into a mycelium. 

At the end of the swarming period, a zoospore assumes a spherical 
shape and secretes a wall. In most cases this cell germinates^by sending 
forth a hypha, but it may germinate to form a single zoospoilfe.^ The 
production of a second zoospore resembles the diplanetism of Saprolegnia 
but is not strictly comparable to it because the newly formed zoospore 
is similar to the original one. 

Oogonial development begins with a globose enlargement of a hyphal 
tip and a migration of nuclei and cytoplasm into the enlarging portion 
(Fig. 221A). Soon after this there is a fornration of a transverse wall 
setting off the inflated portion, the oogonium. The number of nuclei 

1 Edson, 1915. * Butler, 1907. 

* Hohnk, 1932; Kanouse and Humphrey, 1928. * Hdhnk, 1932, 
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within an oogonium may^ or may not^ be increased by division. In either 
case all but one of them migrate to just within the plasma membrane and 
lie within the periplasm cut off at the peripheral portion of the oogonial 
protoplast. The antheridia develop at the tips of hyphac that lie 
against the oogonium. These hyi>hae become slightly inflated at the 
distal end and form a cross wall back of the inflated portion. The cell 
thus formed is the antheridium. In P, aphanidermatium all but one of the 
antheridial nuclei degenerate. In this species tlierc is a formation of a 
wide pore where oogonial and antheridial walls adjoin. Establishment of 



Fio. 221 . — A 'C, devclopinoiit of sox organs of Pythium intermedium DeBary. 2>, 
gametic union in P. aphanidirmatium (Isdson) Vil/ipainck. (D, after Edaon, 1U15.) 
(A -C, X 0i50; D. X 1,500.) 


the pore is followed* by a migration of the antheridial nintleus and a 
considerable amount of cytoplasm throngli the periplasm and into the egg 
(Fig. 221Z)). Other species have the atitheridium forming an evident 
fertilization tube that pushes through oogonial wall and periplasm to the 

egg. 

The zygote secretes a thick wall (Fig. 22\B-C), and the two gamete 

nuclei unite. The fusion nucleus divides into several daughter nuclei 

before gcrrilination,® and it is very probable that the first division is 
redi^tional. Germination of the zygote is ilirect and into a hypha. 

ORDER 6. PERONOSPORALES 

All Peronosporales are parasites that grow on land plants. The 
thallus is a well-developed mycelium producing conidiosporangia and s^ 
organs. Germinating conidiosporangia may either form a number of 
biflagellate zoospores or may develop directly into mycelia. Sexual 
reproduction is oogamous and with a delimitation of periplasm about the 
' ‘ Miyake, 1901; Trow, 1901. » Edson, 1915. » Trow, 1901; Edson, 1915. 
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single egg within an oogonium. Fertilization is by union of a male 
aplanogamcte with the egg. 

The order contains some 8 genera and 280 species. It is divided into 
two families. 


FAMILY 1. PERONOSPORACEAE 

The Peronosporaceao include all Peronosporales that have a branching 
sporangiophore projecting beyond the host. All sporangiophores bear 
conidiosporangia singly at the tips of their ultimate branches. The 
family contains ab(jut 7 genera and 250 speci(»s. The se are often called 
the “downy mildews.” 

About 190 species of Plasmopara have been described, but many of 
them are morphologically indistinguishable and differ only in the hosts 
they infect. From the economic stfindpoint, the most important species 
is P. viticola (B. & C.) Berl. & DeT., a parasite of the grape and one that 
caused serious damage to vineyards before methods of control were 
discovered. 

The downy mildew of grapes grows as an intercellular parasite within 
leaves and young stems. The mycelium is multinucleate, freely l)ranched, 
and with the branches varying greatly in size. Tlu' hyi)hae bear numer- 
ous globose lateral outgrowths (hauatoria) that penetrate walls of the host 
cells and absorb food from their protoi^lasts. 

After it is well established within th(' host, the mycedium forms dense 
masses of branches in tlie cavities beiK^alh stomata of the host. Sevc'ral 
of these hyphal branches grow out through a single stoma and develop 
into sporangiophores. Each sporangiophore has three to six fairly long 
lateral branches borne in monopodial succession (Fig. 222A). The 
lateral branches lie more or less at right angles to the main axis and each 
bears several short branchlets. A single conidiosporangium is formed at 
the tip of each branchlet, and it is readily detachable from the narrow 
branch tip {sterigma) immediately below. A detached conidiosporangium 
usually fonns several zoospores when it germinates (Fig. 222C-P), but 
it may also germinate directly into a myc(dium.^ 

Development of conidiosporangia has been most thoroughly sfeidied in 
P. Halsicdii (Farl.) Berl. & DeT. A very young conidiosporangium of 
P. Ilalstedii is uninucleate, but this nucleus divides and redivides as the 
conidiosporangium increases in size. At the cessation of nuclear division 
the nuclei are spherical and equidistant from one another. Shortly after- 
ward they become pyriform (Fig. 222P), migrate to just within the plasma 
meinbran(‘. and come to rest with the narrow epd facing outward. There 
then follows an inward furrowing of the plasma membrane that cuts the 
protoplasm into uninucleate protoplasts, each of which metamorphoses 

1 Gregory, 1912 
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into a biflagellate zoospore. The zoospores are fully mature at the time a 
conidiosporangium is shed, and germination may follow within an hour* 
A germinating conidiosporangium develops a circular pore in the distal 
end of the enclosing wall, and the zoospores escape through the pore. 
Free-swimming zoospores of P mUcola are reniform and with the two 
flagella inserted on the concave ‘^ide (Fig 222G) One flagellum extends 
forward, the other backward.^ After swarming for a half hour or so, the 



Fig 222 — Plasmopai a vihcola (Hoik ind Curt ) Berl ind Defoni A, sporangiophorc 
n, multmucleate cnnidiospur iiiRium C-F, germination of conidiosporangium (7, 
zoospores H gi rminstion of roospoics I germination of zygote (( -H after Gregory , 
1912, /, afUr 1929 ) ( 1 X 100, B, X 975 ) 

zpospore comes to rest, rounds up, and secietes a thin wall (Fig 222H). 
When a eoAchosporangium has germinated uiion a leaf, the zoospores 
show a maiked tcnd(*ney to come to rest lu the immediate vicinity of 
stomata The globose cell foimed from the zoospore soon sends out a 
germ tube that grows directly thiough a stoma ‘ 

Development of sex organs is essentially the same in all three species 
where it has been investigated.® The sex organs are formed withis 
tissues of the host and at tl^ tips of hyiihae. The hyphal tip developing 
into an oogonium enlarges greatly and contains many nuclei that lie 
approximately equidistant from one another. After formation of a 
' Gregory, 1912 * Nishimura, 1926; Rosenberg, 1903; Ruhland, 1903. 
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transverse wall separating the o5gonium from the subtending hypha, all 
but one of the oogonial nuclei accumulate in a layer some distance in from 
the plasma membrane. Sometimes the nuclei divide after they have 
come to lie in this layer. Sooner or later there is a cytokinesis that 
divides the oOgonial protoplast into a central uninucleate egg and a periph- 
eral multinucleate periplasm. Meanwhile, a hyphal tip lying against 
the oogonium has developed into an antheridium by forming a cross wall 
that separates off an antheridial protoplast containing about a dozen 
nuclei. The antheridium sends forth a fertilization tube that grows 
through the oogonial wall, through the periplasm, and into the cytoplasm 
of the egg. Discharge of a male gamete nucleus into the egg is followed 
by a secretion of a thick wall about the zygote. 

Germination of the zygote of P. mticola does not take place until the 
next spring. Union of the two gamete nuclei is also often delayed until 
the next spring, 1 but, when it does take place, there is an almost imme- 
diate division and redivision of the fusion nucleus into 60 or more daughter 
nuclei. The first division of this series is thought to be reductional. 
The zygote sends out a germ tube shortly after nuclear division ceases, 
and, if the zygote lies in old dead leaf, this them grows through a stoma. 
The multinucleate protoplast wdthin the zygote wall migrates into the 
distal end of the tube and a cross wall is laid down. The portion thus 
cut off at the tip of a germ tube then develops into a sporangium contain- 
ing 60 or more zoospores that arc liberated through a pore in the sporangial 
apex.* 


FAMILY 2, ALBUGINACEAE 

The Albuginaceae have unbranched sporangiophoros that lie in a 
palisadedike layer beneath the epidermis of the host, h^ach si^orangio- 
phore cuts off a succession of conidiosporangia at its apex. There is but 
one genus, Albugo, It includes some 25 species. 

A, Candida (Pers.) Kuntze, parasitic on several crucifers, is one of the 
species that was first thought to belong to Uredo, a form genus of the 
rusts. Because of \ts color it was called the '‘white rust,” ai\d this name 
has remained in common usage ever since. The white rust niay infect 
stems, leaves, flowers, or fruits of the host. Its mycelium is multi- 
nucleate, generally unaeptate, and with numerous branches that grow 
between the host cells. The hyphae bear numerous globose haustoria 
that penetrate walls of the host cells and absorb food from their protoplasta 
After growing throughout tissues adjoining the point of infection, the 
fungus produces a dense mat of hyphae just Beneath the epidermis of the 
host. Numerous short erect hyphae (sporangiophores) grow erect from 

» Arens, 1929. 


* Arens, 1929; Gregory, 1912, 
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the mat (Fig. 2234). The protoplast within a sporangiophore contains 
about a dozen nuclei. The distal portion of a sporangiophore is enclosed 
by a thin wall; the lower portion is surrounded by a greatly thickened 
wall. The upper end of a sporangiophore enlarges slightly and is then 
cut off as a five- to eight-nucleate conidiosporangium by the formation of a 
transverse wall. The portion of the sporangiophore just beneath the 
conidiosporangium soon enlarges and becomes cut off as a second tonidio- 
sporangium. This may be repeated indefinitely. The accumulating 




Fig. 223.— Albugo Candida (Pers.) Kuntzo. A, development of conidiosporangia 
beneath cpidonnig of host. R~D^ germination of ronidiosporangiu. E, zoospores. F, 

germination of zoospores. (B-f , after DeBary, 1863.) (A, X 325; B-P, X 400.) 


mass of conidiosporangia pushes out and eventually bursts the overl 3 dng 
epidermis. These exposed conidiosporangia are the white, mealy patches 
evident on the host. Division of the conidiosporangial protophist into 
zoospore^ sBnd their subsequent liberation take place.within 2 to 10 hours 
after they are shed (Fig. 223B-D). The optimum temperature for 
germination is around 10®C.^ The zoospores are reniform and with two 
flagella (Fig. 22SE) inserted on the concave side. Sometimes^ there is a 
direct germination without a production of zoospores. Zoospores that 
have ceased to swarm become spherical, secrete a wall, and send otitta 
hypha (Fig. 223F) that grows through a stoma of the host.* 

Toward the end of the growing season of the host, '^certain of the 
hyphae penetrate the deeper lying tissues of stem or petiole and there 
1 Melhus, 1911. • Palm, 1932. » DeBary, 1863. 
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form sex organs. In A . Candida^ an inflated hyphal tip developing into an 
oogonium forms a cross wall just below the inflation. At first the cyto- 
plasm within the young oogonium is uniformly vacuolate and with the 
nuclei evenly distributed (Fig. 224A). liater on, the central portion of 
the cytoplasm becomes denser, and all nuclei migrate to the periphery of 
it. Here the nuclei divide mitotically, and many of the spindles are so 
oriented that one daughter nucleus lies within the dense central cytoplasm 
and the other within the more vacuolate outer cytoplasm (Fig. 224H). 



Fig. 224 — Sexual reproduction of AUmgo Candida (Pers ) Kuntze ooKonium before 
differentiation of egg B, at the beginning of differentiation of egg C, after fertiliza- 
tion old zygote. E (r, germination of the zygote /f, zoospores from a germinating 
zygote {E-Hi after DeBary^ 1863 ) {A~D, X 050, E Hj X 400 ) 

There then follows a cytokinesis that tlividos the dense and vacuolate 
portions into egg and periplasm An egg contains sovjBral nuclei when 
first delimited, but all but one of them soon disintegrate. In certain 
other species of Albugo,^ the multinucleate egg has no deg^nfration cf 
nuclei. Meanwhile, tips of other hyphae lying against the oogonium 
have formed cross walls that cut off small antheridia, each containing a 
few nuclei. The antheridium of A. Candida forms a slender fertilization 
tube that grows through the oogonial wall, through the periplasm, and 
penetrates rather deeply into the egg (Fig 224C). A male gamete 
nucleus then enters the egg and fuses with its nucleus. In the species 
with multinucleate eggs, several male nuclei enter an egg and each unites 
with an egg nucleus. 

^ Davis, 1900; Stevens, 1901; Wager, 1896 


> Stevens, 1899, 1901. 
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The zygote of A. Candida soon secretes a thick wall with three distinct 
layers (Fig. 224Z)). The fusion nucleus divides within a relatively short 
time and the two daughter nuclei divide. The four nuclei divide into 
eight, and simultaneous division continues until there are 32 nuclei.* 
The zygote usually overwinters in the 32-nucleate stage. When it 
germinates the next spring, tliere is a formation of more than 100 biflagel- 
late zoospores.* The zygote wall then cracks, and the zoospores are 
extruded in a mass that is surrounded by a thin vesicle (Fig. 22AE-~H). 
This soon disappears, and the zoospores swim freely in all directions. 

\/6rDRR 7. MUCORALES 

The Muoorales (black molds) have a well-developed, freely branched 
mycelium that it* generally without transverse s(‘pta in rtie vegetative 
portion. Asexual reproduction is by means of aplanospores that are 
formed within sporangia. Sexual reprodu(‘tion is is6gamous, or approxi- 
mately so, and by fusion of th(‘ two multinucleate aplanogametes within 
two apposed gami'hingia. 

The order imdudes about 25 genera and 400 species. These have been 
divided' into seven families diffc'ring from one another in struetiire of the 
sporangium. A majority of the species are saprophytic, a few are 
parasitic on other lungi, and some cause diseases of animals or plants. 

Ith'izopus is a genus with about 35 species. One of these, R. nigricans 
Ehr. is so widely distributed that it is otten called the WTcd of laboratory 
cultures. A young mycelium of R, nigiicarnn is multinucleate, is unsep- 
tate, and has all the hyphae alike. Thaler on the mycedium becomes 
differentiated into hyphae ol three types: n^peatedly branched rhizoids 
that penetrate the substratum; fitolons that grow horizontally above the 
substratum tor souk* distance and then bend down to the substratum and 
form a tuft of rhizoids; and the vertically erect sporangiophores that grow 
in tufts where the stolons form rhizoids (Fig. 225). 

A sporangiophore is unbranched. After it has elongated to a certain 
height, its tip begins to enlarge* into a sporangium. Cytoplasm, many 
nuclei, and a considerable amount of reserve food flow into the enlarging 
reporangiinfi (Fig. 226A). ]\Tost of the protoplasm accumulates in a thick 
layer just inside the enlarging sporangial wall, leaving the center occupied 
by a vacuolate protoplasm in, which there are a few nuclei. A dome- 
shaped layer of vacuoles then appears betw cen the dense and the vacuolate 
portions of the protoplasm. These vacuoles flatten and fuse laterally 
with one another to form a dome-shaped cleft between the two portions 
of the protoplasm (Fig. §26-8). An inward furrowing of the plasma 
membrane at the base of the sporangium completes the cleft between the 
two portions. There is next a secretion of a wall between the recently 

^ Wager, 1896 * DeHary, 1863. » Fitzpatrick, 1930. 
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Fig 225 — Portion of d. fruiting mytcliiim of Ithi mgncam Ehr (dugrammatK ) 

(V M)) 



Fig 226 — iges in the devtlopmcnt of sipor*)ngia of Rhxojms mgnrans Ehr A before 
formation of rnluniolla B during formation of colurncll i C during spore formation hy 
Dioffrebsivo clt ivage (X 325 ) 
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divided protoplasts. This completely separates the dome-shaped sterile 
portion (the columella) of a sporangium from the outer fertile portion.^ 
The plasma membrane of the protoplast within a fertile portion 
next develops numerous branching inwardly growing furrows (Fig. 226C). 
These divide the protoplasm into smaller and smaller fragments. With 
continuation of this progressive cleavage, there is ultimately a division of 
the fertile protoplasm into irregularly shaped protoplasts each with 2 to 
10 nuclei. The piotoplasts then lound up, secrete walls, and become 
aplanospores. The sporangial wall dries out after the aplanospores are- 



Fig 227 — Sexual reproduction of Rhxzojm^ mgricam Ehr A-B, progametangia. 
after the form it ion of g imetes D E young ind m ituro zygotes F, germination of a 
-sygoto (diagrammatic) (A E X ISO F X 80 ) 

mature and is so fragile that any slight disturbance ruptures it The 
stalk of a sporangiophore and the columella persist after liberation of the 
«>j)ores by rupture of the sporangial wall 

/ Rhtzopy,r may also reproduce asexually by means of chlamydospores. 
These arc rarely, if ever, formed in R mgi leans, but they are of frequent 
occurrence in certain other species ^ They are produced in old mycelia 
that have become transversely septate and are due to a thickening of walls 
in certain intercalary cells 

R mgricans is hcterothallic,’* and there is no sexual reproduction unless 
hyphae of two different sexes come in contact with each other. Wh&n 
this does take place, zygote are formed in abundance. When hyphae of 
two sexes meet, each may produce a short side branch {progametangium) 
at the point of contact (Fig. 227 A), The distal portion of each pro- 
^ Swingle, 1903. * Lendner, 1908. * Blakeelee, 1904. 
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gametangium becomes inflated and densely filled with protoplasm (Fig. 
227 B). Each progametangium forms a transverse wall that divides it 
into a distal cell (the gametangium) that contains a densely granular 
multinuclcate protoplast and a proximal cell (the suspensor) that contains 
a more vacuolate multinucleate protoplast (Fig. 227 C), There is con- 
siderable variation in size betwc'en the two ganietangia in the various 
pairs formed when two mycelia interlock. In some pairs the two game- 
tangia are equal in size; in others they are markedly unequal. After each 
gametangium of a pair has increased in size and the number of its nuclei 
has increased, there is a development of a large*' pore vhere the two 
gametangial walls abut on each other. The two gam('tangial protoplasts 
then intermingle with each other to form a zygote^ that soon })ecomes sur- 
rounded by a thick, black, warty wall (Fig. 227 D-E) . The bc'havior of tlie 
gamete nuclei is uncertain. A fusion of a majority of thtun in pairs hjus 
been described for li. nigricans^ and for certain other gen(*ra of Mucorales. ^ 
Others who have studied the development of zygotes in li. nigricans and 
other Mucorales hold that there is no nuclear fusion.^ 

After a considerable period of rest, the zygote of R. nigricans germi- 
nates by sending forth a short, very sparingly branched hy]>ha in which 
a sporangium develops at the apex of one bran(*]i (Fig. 227F). Aplano- 
sporo formation within this sporangium is similar to that in sporangia 
borne on vegetative mycelia. Nothing is known concerning th(' segrega- 
tion of heterothallic strains during zygote germination in R. nigricans. 
In certain other heterothallic Mucorales it has l)e('n shown ^ that in a 
sporangium produced aft(*r zygote germination sonu* gencTa have all 
spores the same sex and other genera have some* spores of oic' sex and 
some the other. 


ORDER 8. ENT0M01>IlTH0RAbES 

Among the Entomophthorales the thallus ranges from one that is 
nonhyphal in the vegetative condition to one that is a profusedy branched 
mycelium. Species with a hyphal myc(diujii have an early sc'ptation of it 
into cells with a few nuclei each. Asexual reproduction is by the de\ eIo|>- 
ment of conidiosporangia that germinate directly. With chc or twA 
exceptions, the conidiosporangia are violently discharged from the under- * 
lying sporangiophore. Sexual reproduction is by the apposition of two 
gametangia and the fusion of two aplanogamet(\s of equal or unecjual size. 

The order includes about 7 genera and 60 species; some saprophjrtic; 
others parasitic on insects. Some mycologists place all of the 50 or 
more entomogenous species in a single genus, variously called Em pusa 
or Entomophthora, Other mycologists range fhe entomogenous panusite.s 
in three genera, one without and two with a violent discharge of conidio- 

1 Moreau, 1913. * Keene, 1914, 1919. » Baird, 1924. ^ Blakeslee, 1906. 
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sporangia. According to this treatment, the entomogenons species with 
a multinucloate conidiosporangiiim borne on an unbranched sporangio- 
phore arc assigned to Empum^ and those with a branched sporangiophoro 
bearing uninucleate conidiosporangia to Eniomophthora. 

If one follows the second usage described above, the genus Emqmsa 
comprises about a dozen species. The commonest of these is E. Muscae 
Cohn, a parasite of the common house fly. House flies infected with 
Empusa are most abundant in late summer and early autumn. Experi- 
ments' show that the fungus usually develops to maturity within five to 
eight days after a fly is infected. Infe(*ted flies may be recognized by 
their sluggishness, lightening in color of the abdomen, and the peculiar 
dirty brick-red color of the eyes.^ Flies dying from effects of the fungus 
crawl slowly over the (*eiling or high on the side walls of a room. At the 
time of d('ath th('y are firmly affixed by tlu'ir proboscides to the object 
over which they were era wiling. Here they remain after death, and the 
liiiipus develops conidiosporangia that shoot from tlie sporangiophores at 
maturity. These discharged conidiosporangia are the smoky halo that 
one sees bemeath flies that have died on wdndow^ panes or on mirrors. 

During the early stag(‘s of vegetative development within a house 
fly, E, Mmcac consists of small, globos(\ multinucloate hyphal bodies. 
These multiply rapidly. In another species of Empusa the hyphal bodies 
are regularly four-nucleate and reproduce by transverse constriction after 
the nuclei have divided into twH) groups of four daughter nuclei each.’ 
Among certain sp(H*i(‘s, including E. Muscae j the vegetative stage consists 
entirely of hyphal bodies. In certain other species there i^ a development 
of a true* \ egeiative mycelium. The mycelium of one of thc'se spc'cies has 
been grow^n in artificial culture.' The hyphal bodies become distributed 
throughout the body of the host, and it is thought'" that their dispc'rsal is 
duc' to a transporation in the blood stream. Multii)lication of hyphal 
bodies continuevs until they have replaced most of the tissues within 
the intc'gument of a fly. 

Shortly before the death of the host, (‘ach hyphal body of E. Muscae 
sends forth an unbranch(»d tubular outgiwth, the immature sporangio- 
Ahore, tliate grows toward the chitinous integument covering the abdomen 
•oAlie fly (Fig. 22%B). The elongating sporangiophores lie in tufts that 
push through the thin places between segments of the integument (Fig. 
228A). Sporangiophores growing toward the integument are densely 
filled with cytoplasm and contain 10 to 20 nuclei. The nuclei often lie 
equidistant from one another and in a linear series. After growipg 
through the opening in the integument, the distal end of a sporangiophore 
inflates to three or four tilhes its original diamc'tcr and all of the proto- 

'' 1 Thaxter, 1888 * Gussow, 1917. » Rees. 1932. 

^ Sawyer, 1929. ® Speare, 1922. 
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plasm moves into the inflated portion (Tig. 228(7). It is uncertain 
whether or not there is an increase in the number of nuclei duiing elonga* 
tion of sporangiophores of E. Muscae. Certainly this is> not the case in 
another species of Empusa where a four-nucleate hyphal body produces a 
conidiosporangium containing four nuclei.^ 

Development of a conidiosporangium of E. Muscae begins with a 
formation of a small mammilate outgrowth at the distal end of an inflated 



Fia 228 — Empusa Muscae Cohn A, portion of the ho^t with developing fnictifica- 
tions of the fungus B, hyphal body elongating to form a sporangiophnre spoi ingio- 
phore apex just before formation of conidiosporangium D-O^ successive stages in forma- 
tion of a conidiosporangium. (A, X 160, B G, X 650 ) 

sporangiophoi*e (Fig 22SD-F). The apex of the outgrowth swells, and 
most of the cytoplasm and all of the nuclei move into t hfi'os welling i 
There is then a formation of a cross wall that separates the globose (Ait- 
growth, the conidiosporangium, from the underlying sporangiophore 
(Fig 228G). A lens-shaped, water-filled cavity next appears between the 
cytoplasm of the conidiosporangium and the transverse wall. Possibly, 
as in another closely related genus,® there is a secretion of a second trans- 
verse wall immediately next to the conidiosporangial protoplast. In any 
case, accumulation of water in the cavity eventually results in a hydro- 
static pressure that bursts the lateral wall and suddenly squirts the 
‘ Rees, 1932 * Ohvo, 1906; Goldstem, 1927. * Sawyer, 1931 
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conidiosporangium outward for a few millimeters. This forcible discharge 
of a comdio.sporangium docs aot involve any rupture of the sporangio- 
phore apex. 

If the discharged conidiosporangium comes in contact with a suitable 
host, it adheres to it and soon infects the host. If a conidiospor ang iu m 
has fallen upon an unsuitable substratum, it sends out a short protuber- 
ance that becomes swollen at its apex and develops into a conidio- 
sporangium similar to that from which it was derived. This may be 
indefinitely repeated until the secondary conidiosporangium lodges upon 
a suitable substratum or until the re.serve food is exhausted. 

E. Muscae may also form thick-walled resting spores within the body 
of a host. These have been considered partheuospores.^ It is more 



Fi<i 22<) - Sexual reproduction of Bmpvsa fumosa (Spcare) omb. nov. A, hyphal 
bodies at the beKinning of (onjugation. B-(\ young and nearly mature zygotes. {After 
Rue, 1<)32) (X 1000.) 

l)robable that they are chlamydospores* since they arc formed in old dead 
flies here the production of conidiosporangia is no longer possible. The 
chlainydospores are produced upon immature sporangiophores within the 
host and jnay be terminal or intercalary in position. 

Sexual reproduction has not been observed in E. Mmscoc, but it has 
been found in two or three other species of Empusa. In E. fumosa 
(Spearc) comb. nov. (Entoviophthora fumosa Speare) sexual reproduction 
is by the conjugation of two adjoining hyphal bodies.® The four nuclei 
in each of the two hyphal bodies divide onec.^ The walls of the hyphal 
bodies break down in the region of mutual contact, and the* two bodies 
Ti^ome^^Ied by a narrow isthmus (Fig. 229^1). One nucleus from each 
protoplast comes to lie very close to the isthmus. There is then a develop- 
mi'nt of a globular outgrowth from the isthmus, and, after it has attained 
approximately the size of a hyphal body, the two nuclei move into it. 
The binucleate protoplast of the outgrowth, now the zygote, then secretes 
a thick wall (Fig. 229fi-C). Other species of Empusa form thick-wait^ 
parthenospores by outgro'^^h of a bud from a single hyphal body. These 
parthenospores are multinucleate.® 

^ Thaxter, 1888. * Goldstein, 1923. ' Bees, 1932; Speare, 1922. 

« Rees, 1932. * Riddle, 1906. 
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CHAPTER XII 


ASCOMYCETAE 

Most of the Ascomycetae produce more than one type of spore, but all 
of them have a distinctive type of sporangium, the <i§cv>s, within which 
ascospores are produced, A very young ascus has a binucleate protoplast. 
Later on the two nuclei fuse, after which the fusion nucleus divides 
meiotically. Nuclear division generally continues until there are eight 
nuclei, but it may continue until there are 1,024 of them. After nuclear 
division ceases, the multinucleate protoplast gives rise to uninucleate 
ascOspores by a unique type of endoplasmic cytokinesis. 

Vegetative Structure. The plant body of some ascomyeetes is a 
loosely interwoven mass of hyphae producing a mycelium similar to that 
found in a majority of |he phycomycetes. More often, all or a portion 
of the mycelium is densely compacted into a pseudoparenchymatous struc- 
ture of definite macroscopic form. The hyphae have what appear to be 
transverse walls. Actually, the so-called transverse wall is an incomplete 
septum with a central perforation. This incomplete septation is compara- 
ble to that found in certain of the siphonaceous green algae. The central 
perforation in a septum is frequently large enough to permit a streaming 
of cytoplasm from to ^‘cell''^ The portion of the protoplast 

between two successive septa generally contains one nucleus, but, as in 
Dtpoddscus and Pyronemay it may be multinucleate 

Asexual Reproduction. A production of asci is con ting ent upon sexual 
reproduction or at least upon the development of sex organs. Spores 
other than ascospores are asexual reproductive bodies. Except for the 
numerous genera found in lichens, a large majority of the ascomyeetes 
regularly )roduce one or more types of nonflagellate spores. In certain 
ascomyeetes, as the powdery mildews (Erysiphaceae) and the blue molds 
^^(Aspergillaceae), reproductioA is generally by means of asexual spores, 
%ince ascospores are only formed at the end ot the growing season or under 
especial conditions. Asexual reproduction of the fungi just mentioned 
is by means of conidia. In Erysiphe the terminal portion of a free 
of a single conidium may function as a conidiophore that cuts off a tfxain 
of conidia in acropetalousisuccession. Other genera, including Asp^rgilr 
lu8y form many chains of conidia op a single conidiophore. If an ascomy- 
cete is one with the mycelium more or less densely coin|>aoted, the 
1 BuUer, 1933. 
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conidiophores generally lie laterally abutting on one another in a contin- 
uous spore-forming layer. The layer is an acervulus when produced by a 
parasitic fungus and a sporodochtum when produced by a Saprophytic 
fungus. If the fertile layer lies in a cup- or flask-shapojJ cavity that is 
open from the beginning, the cavity and the surrounding'tissue constitute 
a pycnidiurrij and the spores produced within it are pycnospores. In addi- 
tion to forming conidia or pycnospores, a mycelium may also form large 
thick-walled spores. These chlamydospores are produced singly or in 
short catenate series. Instead of a formation of spores in acropetalous or 
basipetalous succession at the end of a hypha, there may be a simultane- 
ous formation of them through the entire length of a hypha. Spores 
formed in this manner arc often called oidia. 

Sexual Reproduction. Sox organs of ascomycotes are developed 
singly at the apices of hypha^^ and are generally on short lateral branches. 
A mycelium may be homothallic or heterothallic. Irrespective of whether 
they are borne on the same mycelium or on different mycelia, the sex 
organs generally develop in such a manner that a male sex organ lies 
apposed to a female one. The piotoplast within each of the ])aired sex 
organs may be uninucleate {E7emascub, Etysiphe) or multinucloate 
(Pyronema). In a fe^\ genera, as Eramscus, male and female s(‘x organs 
are indistinguishable from each other. Generally, however, a male organ 
(antheridium) of an apposed pair is niorphologi(*ally distinct from the 
female organ (ascogonium). An ascogonium may consist of a single cell 
or of more than one cell, and its distal end may be broadly rounded or 
may be prolonged into a definite inchogyne (Fig 218A). 

A union of protoplasts contained within the paired sex organs has been 
demonstrated foi many species. If the two sex organs are alike', their 
apices become apposed, the walls disappear in the region of mutual junc- 
ture, and the two protoplasts fuse with each other. If the specie's has a 
distinct antheridium and ascogonium, the protoplast of the antheiidium 
migrates into the ascogonium, either through a lateral pore or through the 
trichogyne. Union of the piotoplasts may be followed by a union of the 
nuclei. This seems to have been clearly demonstrated for cert^ti species 
wdth uninucleate sex organs.^ The behavior of nuclei of muliiiiucleate 
protoplasts has been a matter of dispute. In Pyronema confluens '^ful. the. 
fusion of nuclei in pairs has been affirmed® and denied.® The demonstra- 
tion^ that the number oi nuclei in the ascogonium of this species increases 
at the time of fertilization and then decreases to approximately the original 
number seems to show that they fuse in pairs. 

There ate some ascomycetes that produce conidium-like bodies, 
known as Bpermatia, instead of producing antheridia. Ascogonia of these 

1 Harper, 1896, 1906. * Harper, 1900. 

• Clau^n, 1912. * Gwynne-Vaughan and Williamson, 1931, 



ASCOMYCSiTAB 


417 


species always have an elongate trichogyne which is frequently multi- 
cellular. The spermatia are often borne more or less remote from the 
ascogonium. They are generally ])ornc superficially 9 a the thallus and in 
f» flask-bhapcd cavity {spcrmoqonium) that looks very much like a pycni- 
diuin. Sonu'tinies, however, the spermatia are not in spermogonia but 
are borne singly^ or in clusters^ witliin the thallus. If the species is one 
which has spermogonia, the trichogyne projects beyond the thallus. 
Spermatia that have become detached from a spermogonium may be 
transported to, and lodge against, the ])rotuberant end of the trichogyne 
(Fig. 297A). If the spermatia an* not in spermogonia, there is a growth 
of the trichogyne to a si)crmatium or a cluster of spermatia (Fig. 297-B). 
The discovery® of emi)ty spermatia united with a trichogyne indicates 
that the contents of a spermatium migrate into a trichogyne, but there 
has been no demonstration of migration of a male gamete nucleus down 
the trichogyne. 

The protoplast (zygote) resulting from gametic union may develop 
directly into an a^'CUs, or it may develop indirectly into one to many asci. 
Ho\v('ver, a formation of asci may take place without .any preceding 
gametic utiion. This is cl(‘ai ly ident when, as in UrctnascuSy^ the proto- 
plasts of two apposed sek organs do not unite, and each develops directly 
into an ascus (Fig 234). 'riiere may also be an indirect formation of asci 
from an ascogonium without a pre(*eding gametic union. Such species 
may lack antheridia’ or may ha\ e functionh'ss antheridia.® Ascus forma- 
tion ill thos<' species may be strictly parthenogenetic, or it may be preceded 
by a fu'^ion in pairs of ascogomal nuclei. 

Formation of AscL All ot the geiuTa leferrod to the Protoascomycetae 
have* a direct de\ elopiiuait of the zygote into a singh' aseus or a partheno- 
genetic development of a gam(‘tangium into an ascus. In the species with 
uninucleate garnet aiigi a, then' is a fusion of the two g.anxete nuclei in the 
young zygote, now the ascus. This ascus (uilarges to several times its 
original size, and the zygotc' nuclcHis dividers to form four or eight daughter 
nuclei during the course of this ('iilargenient. lollowung this there is a 
fonnatioii of iour or eight uiiinueleate ascospores (Fig. 233). Not all the 
cytoplasm of the ascus of a proto.ascomycete is included wdthin the 
ascospores, and it is very piobable that ascospores are formed by '^free 
•cell formation'' just as in the Kuascomycetae. In the one proto^ 
ab<*omycct(» with multinueleato gamc'tangia (Dipodascus),^ only one 
nucl(*us from each gametangium functions as a gamete nucleus and the 

1 Dodge, B O., 1912. * Bachniann, 1912. ® Barluiiann, 1913. 

estoppel, 1907; Guillioimoffd, 1909 

6 Cutting, 1909; Gw ynne- Vaughan and Williamson, 1930; Ramlow, 1906; Fraser, 
1913. 

« Brown, 1915. 


^ Dangeard, 1907 ; Juel, 1902. 
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single zygote nuoleus divides to form many daughter nuclei. Thiis, this 
species forms many ascospores within an ascus. The single ascus formed 
from the zygote a protoascomycete is always without any enveloping 
sheath of sterile tissue 

The indirect production of asci from the zygote is due to a formation 
of hyphal outgrowths (ascogenous hyphae). All genera with this type of 
ascus formation are referred to the lEuasoomycotae. In practically all of 
them there is an outgrowth of more than one ascogenous hypha from the 
zygote (Hg. 230) Almost all of the euascomycetes have an enveloping 



Fig. 230 — Vertical section of a hypothetical ascocarp showing relationship of sex organs, 
ascogenous hyphae asci, and Menle hyphae 


tissue growing up around the ascogenous hyphae and the asci developed 
on them. The mass of asci and the emcloinng tissue constitute the 
“fruiting body” or ascocarp An ascocarp usually contains only the asci 
derived firom a ungle zygote, but there are caM?s, as Pyronema, where the 
asci derived from several zygotes arc included in one ascocarp There are ' 
thxee general types of ascocarp: the (letstocarp (Fig 243C!0 that does not 
Op^ at maturity; the opek more or less cup-shaped apothectum (Fig. 298) 
ik which the cavity is lined with a palisade-like layer of asci; and the flask- 
zhkped perUkeaum (fig. 256D), also lined with,^ palisade-like layer of asci 
but with an apical opening or pore. 

An ascogonium may be unicellular, or it may be transversely septate, 
with the ascogenous hyphae growing out of one or more of the median 
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cells. In some cases the ascogenous hsrphae are unl^||Em(4ied; more often 
they are profusely branched and with the branches mtertwined with one 
another. Some species have ascogenous hyphae that do not become 
transversely septate until late in their development; but most of them 
have ascogenous hyphae that are transversely septate throughout all 
stages of development. In either case the cells at the distal end of the 
hyphae are binucleate. Among a majority of the species with closed 
ascooarps (cleistocarps), the asci are developed by gradual enlargement of 
a binucleate cell terminating a branch of an ascogenous hypha. Species 
in which the ascocarp is an apothecium or a perithecium generally have 
eachbranchlet of a fully developed, ascogenous, liyphal system terminating 



Fig 231 — Early etagea in development of asn of Pyronema confluwia (Pers ) Tul. 
A-B cro7ier-like bending of tip of ascogenous hyphae C D young binu leite asn* 
E -Gt asei after fusion of nuclei {AfUr Claubstn, 1912 ) (X 1.760 ) 


in a recurved, crozier-like, binucleate coll (Fig 231). The two nuclei in 
this cell divide simultaneously. One j >mr of the resultant daughter 
nuclei lies in the arch of the crozier. One nucleus of the sister pair is at the 
extreme tip of the cell; the other lies in the upper region of the uncurved 
portion of the cell. Nuclear division is followed by a formation of trans- 
verse walls between the pairs of daughter nuclei. As a result the terniunal 
, ceU of the branohlet is uninucleate, the p^UuUifi^te cell is binucleate, and4 
the antepenultimate cell is uninucleate (Fig. 23lC).'^The bmu^ejj^ 
penultS^te cell is the one that develops into tj|||e ascus. The umnuet^pO 
terminal and antepenultimate cells n^ luutc wifK* each other to fo^ t 
binucleate cell that subtends the young ascus. > 

liinucleate cell develbping into an ascus enlarges to many times its 
original size and generally beeomesselub-shaped (Fig. 232). Early in the 
enlargement of an ascus there is a fusion of the two nuclei. During 
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further enlargement there is a division of the fusion nucleus, a division of 
its daughter nuclei, and a division oi their daughter nuclei. Nuclear 
divisions generally stop at the octonucleatc stage, but species are known 
in which it continues until theie are 32,^ 128,® 512,* or even 1,024^ nuclei. 
The ascospores are formed after completion of the last series of nuclear 
divisions. At this time the nuclei are more or less pyriform and with a 
centrosome-like body at the pointed pole Soon each nucleus develops 
an umbrella-shaped set of radiating hbers that extend outward fiom the 



Fig 232 Stages in the dovelojimonl of *isci of I rynphe aoortgaJta (Pk ) Pirlow A, 
asoufl before fusion of nuclei B ( c ^rlv *mcl life* uniiiuclcilc stages D-F, si iges in 
development to octoiiuf’lo ito stage G H formition of tHtospoits /-J, formation ot 
aacospore walls ( X 050 ) 

centrosome into the eytoplasni ' ^ila(h cuiving set of ra>s glows down- 
ward until it is some distance beyond the rounded posteiior poh' of the 
nucleus; then it reeuwes to delimit a bioad clliiisoidal mass ot (*ytoplasin 
about the nucleus^ 232f7-//) The uninucleate piotoplasts 

thus encircled by astral rays arc the young ascospores. The poition 
the cytoplasm of an ascus not included w ithin the ascosporc's is the ept- 
plasm. When an ascospoie is first fonued, its plasma mcmbiane lies 
immediately next an inner delimiting inembiane of the epiplasm (Fig. 
2327). I^ater on there is a secretion of a spore wall about each naked 
spore and a gradual disappearance of the eptplasm as the spore walls 

1 Overton, 1906 * Sax, 1918 ’ B^sey, 1935. 

< Dodge, B O , 1928 » Harper, 1897, 1 905. 
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develop (Fig. 232 J), The wall of a mature ascospore may be smooth or 
may have a characteristic ornamentation of spines or ridges. The num- 
ber of ascospores produced within an aseus is not necessarily the same as 
the number of nuclei at the time of spore formation. Thus, a young 
octonucleatc ascus may delimit ascospores around only two’ or only four* 
of the nuclei and have tlie remaining six or four nuclei disintegrating as 
the epiplasm disintegrates. There are also cases* where two nuclei lie 
within a common set of astral rays delimiting an aseospore, and where 
there is regularly a formation of four binueleate spores in an oetonucleate 
ascus. Conversely, an ascus that was octonu<*loatc at the time of spore 
formation may contain more than eight spores when fully mature, 
because each of the eight spores has given ri‘=5e to two daughter spores.^ 
All species with an eight-spored ascus do not have the spores similarly 
arranged. Many species have the spores lying in a single linear series 
(Fig. 253), Init otlu»r species have th(" spores in a double series (Fig. 232) 
or ])arallel to one another in a fasciculate cluster (Fig. 247C). A majority 
of ascomycetes liave one-c('lled s])ores within a mature ascus, but species 
in which each s])ore becom('s two-celled or more than two-celled before 
shredding are by no means unusual (Fig. 2607)). A few species have the 
ascus w'all disintegrathfg l)clore the ascospores arc shed;^ but the great 
majority have the ascus w'all remaining intact and rupturing at the distal 
end. The ruptured end may split irregularly, it may si)lit into two parts, 
or there may be a lid-like opening of the ascus apex. Certain species have 
an explosive simultaneous discharge of many ascospores in a cloud-like 
mass ami with a faintly audible puffing noise.® Spores ejected from an 
ascus may be hurled a distance ot 35 cm. 

Nuclear Cycle of the Ascomycetes. With the exception of certain 
yeasts, all the Protoascomycetae have a fusion of two gamete nuclei and a 
division of the zygote nucleus into four, eight, or more daughter nuclei. 
Although not actually demonstrated, there is a strong presumption that 
division of the zygote nucleus is a t^^iical imdosis. If this is true, the 
zygote nucleus is the only diploid nucleus in the life cycle. 

Witl; one or tw^o exc('ptions,^ all the cytologically investigated species 
producing ascogi»nous hyjihae have a fusion of two nuclei in the young 
ascus. In all cases the first division of tlv' fusion nucleus is a reduction 
division. For many of the species with ascogenous hyphac the only 
doubling of the chromosome number is that in the ascus, and this is 
immediately followc^d by meiosis. Many mycologists think it highly 
probable that this nuclear cycle is found in all ascomycetes produ({ing 
ascogenous hyphae. On the other hand, there seem to be certain well- 
established cases where gametic union results in ascogenous hyphae with 

1 Hamper 1905. * Faull, 1912. Dodge, B.O., 1927. * Lewis, 1911, 

® Young, 1931. «Seavcr, 1928. ’ Emmons, 1932 
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diploid nuclei and where nuclear fusion in the ascus produced a tetraploid 
nucleus. Here, a return to the original nuclear condition would involve a 
double reduction in the number of chromosomes, a phenomenon found 
nowhere else in the plant or animal kingdoms. Nuclei of the ascomycetes 
are so minute that cytological demonstration of a double reduction follow- 
ing a double fusion is an extremely difficult matter. In most of the cases 
where this is thought to have been shown, ^ it has been held that there is a 
halving of the number of chromosomes at the first division and another 
halving of the number in the third series of divisions. In other cases* 
there is a halving of the chromosome number in both the first and second 
divisions but no halving in the third series of divisions. 

Studies on the genetic characters transmitted to each of the eight 
spores in asci of Neurospora shed some light on the problem of the nuclear 
cycle. All genetioal studies* show that there is no segregation of charac- 
ters in any pair of sister nuclei formed by the third series of divisions. 
Thus, there cannot be the supposed segregation of chromosomes at the 
third division. On the other hand, the gcnetical data have been inter- 
preted both as showing that there is but one nuclear fusion antecedent to 
the formation of asci^ and as showing that asco‘=‘pore formation is preceded 
by two nuclear fusions.® 

Origin and Evolution of the Ascomycetes. Two widely different 
hypotheses have been proposed to account for the origin of the Ascomy- 
cetae. According to one hypothesis they have arisen from the Rhociophy- 
ceae. Advocates of this hypothesis,® first proposed by Sachs, point to 
the numerouif aimUacities between reproductive structures of Ascomy- 
cetae and Rhodophyceae. These include the presence of a trichogyne on 
the female sex organ, the production of nonmotile male gametes (sper- 
matia) that are transported to the trichogyne, and analogies between the 
ascogenous hyphac and the gonimoblast filaments of red algae. Accord- 
ing to those who believe in the rhodophycean hypothesis, the most primi- 
tive of the Ascomycetae are those in which fertiliz ation is effected by 
spermatia. They hold that ascomycetes with a direct production of asci 
from zjjrgotes are reduced forms from ones with a more complicated mode 
of ascus formation. 

According to another hypothesis, first proposed by DeBary,® the 
Ascomycetae have ariseui from the Phycomycetae. Advocates of this 

' Fraser, 1908; Fraser and Welsford, 1908; Fraser and Brooks, 1909; Oarruthers, 
1911; Gwynne- Vaughan and Williamson, 1932 

^ Gwynne-Vaiighan and Williamson, 1931. 

* Dodge, B.O., 1929, 1930, 1931, 1932; Lmdegren, 1932, 19324, 1933, 1934; Wilcox, 

1928. a 

*Lindegren, 19324, 1933, 1934. ® Dodge, B. 0., 1032. 

* Dodge, B.O , 1914; Bessey, 1914, 1925; Thaxter, 1896; Harper, 1900; Bachmann, 
1913. 

’ Sachs, 1875. 


•DeBary, 1887. 



ASCOHYCETAE 


428 


hypothesis^ hold that the ascomycetes with a 4!^ec t formation of , ^ci 
from the z ygot e are the most primitive of all. It is also held that the 
evolution of ascogenous hypha^ the evolution of a tricbogyne, and 
the evolution of fertilization by means nf spermatia took place after the 
ascomycetan series had diverged from the ancestral stock. Adherents to 
the phycomycetan hypothesis interpret the presence of analogous struc- 
ture in Ascomycetae and Rhodophyceae as a case of parallel evolution and 
not a derivation of one from the other. 

Whatever the origin, evolution of the Ascomycetae was accompanied 
by the appearance of a unique type of endoplasmic cytokinesis (Jree cell 
formation) immediately following upon meiosis. It is equally possible for 
this to have appeared in a rhodophycean carposporangium with a diploid 
nucleus or in the zygote of a phycomycete. The question as to which of 
these two possibilities is the more probable hinges on the* nature of the 
ascomycetes that have a direct development of a zygote into an ascus. 
Advocates of the rhodophycean hypothesis hold that all of these are 
reduced or degenerate forms. This is certainly true of the yeasts and 
their immediate allies. On the other hand, no valid reasons have been 
presented for thinking that Eremascusy DipodascuSy and related genera are 
reduced forms. Taken as a whole, th(' evidence seems to show that 
Ascomycetae with a direct formation of asci from zygotes are more 
primitive than others. This being the ease, it is not a long jump from 
them to phycomycetes in whi(‘h the protoplast oi a germinating zygote 
divides into a number of spoies. All that would be necessary to transform 
such a phycomycete into an ascomycete would be the establishment of 
the free-cell formation characteristic of ascomycetes. 

Primitive Ascomy(*etae with a direct formation of spores from the 
zygote stand in much the same relationship to other ascomycetes as do 
the Bangioideae to the Florideae. In botli the higher Ascomycetae and 
the higher Rhodophyceae (Florideae) there has been a shift to a condition 
where the germinating zygote sends out filaments (ascogenous hyphae or 
gonimoblasts) on which the sporangia are borne, in both cases this may 
be infeiyreted as a device that permits production of an unlimited number 
of spores following one gametic union. Among the ascomycetes, evolu- 
tion to a condition where the zygote sends foith sporangial filaments has 
been accompanied by the introduction of an entirely new feature — ^thei 
fusion of two diploid nuclei in a youn^ sporangium. This quadrupling of 
the chromosome number is widespread among the genera producing 
ascogenous hyphae. On the other hand, there has been a dropping out of 
the fusion of gamete nuclei among many of the species producing aseogen- 
ous hyphae. Tliis has if^sulted in a life cycle in which there is but one 
nuclear fusion — that which takes place in the ascus. 

* Atkinson, 1915; Fitzpatrick, H. M., 1930; tlkiumann, 192^8; Guilhermond, 1928; 
Dangeard, 1907; Claussen. 1912. 
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Classification. For a long time the Ascomycetae were divided into 
three groups (subclasses or orders) based solely upon structure of the 
mature fruiting body. Genera forming apothecia were placed in the 
Discomycetae, those forming i)crithecia were placed in the Pyrenomycetae, 
and all other genera were placed in the Plectomycetae, The Discomycetae 
and Pyrenomycctae may be more or less natural groups; the Plectomy- 
cetae are certainly a heterogeneous assemblage. With the growth of 
knowledge concerning development of the fruiting body, there has been a 
realization that the feature of fundamental importance in classification of 
the ascomycetes is the mode of origin of the ascus. When classified 
according to this basis, they fall into the following two subclasses: 

Protoascomycetac in which the ascus is formed directly from the zygote 
and in which the asci are borne singly on a mycelium and without any 
enveloping sheath of sterile tissue. 

Eudscomycetae in which there is an indirect formation of asci from a 
zygote. There is usually a formation of more than one ascus from a 
zygote, and the group of asci thus formed is usually surrounded by a 
common sheath of sterile tissue. 

SUBCLASS 1. PROTOASCOMYCETAE 

The Protoascomycetae comprise those genera in which the zygote 
develops directly into an ascus. Asci of Protoascomycetae are always 
borne singly on a mycelium and never in an ascocarp. 

Only a few hundred of the known 25,000 species of Ascomycetae are 
referred to this subclass, and all of them are placed in *a single order, the 
Endomycetales, Some of the Endomycetales are siiprophytic; othcTs are 
parasitic. A few of the saprophytic genera have a typical mycelium, but 
the great majority of them, including the yeasts, have a greatly reduced 
plant body and reproductive organs. Parasitic membeis of the order are 
almost exclusively restricted to animals and ‘man, and many of them 
produce serious diseases of the host. The systematic ])o.sition ofcc'rtain 
parasitic genera assigned to the ordc'r is somewhat questionable since they 
have not been found producing typical asci. The order is divided into 
several families.^ 

Eremascus is one of the genera with a typical mycelium. One of the 
species {E. fertilis Stoppel) was first discovered growing as a mold on 
glasses of apple jelly.® 'Fhis species has a branched, transversely septate 
mycelium. Cells in the older part of a myc(»lium are usually uninucleate; 
those toward tips of the hyphae contain from 2 to 15 nuclei. E, fertilis 
does not produce asexual spores. ^ 

Sexual reproduction may begin within five days after a mycelium has 
developed from an ascospore. Reproduction begins with an outgrowth 

* Dodge, C. W., 1935. * Stoppel, 1907. 
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of small vertical protuberances. These are developed in pairs, one on 
each of two adjoining cells and near the transverse wall separating the two 
(Fig 233 A-C). The tips of a pair of protuberances soon become apposed 
to each other, and the walls disai)pear in the region of mutual contact. 
Shortly afterward a nucleus migrates from each of the two cells into the 
fused protuberances, and the two nuclei soon unite with each other. 
Sooner or later theie is the formation of a tiansverse wall (Fig. 233^^, 0) 
that cuts off the enlarging zygote, now the asciis, from the parent cells.^ 
The zygote nucleus gives rise to eight daughter nuclei (Fig 233//), and it 
is veiy probable that, as has been shown for a closely related genus, ^ the 



Fig 233 —Ercmascus fntiUs Stoppel A-D, P btipos m ronjugation E, young 
bimuloiti zygoto G z\K#te if ter nude a fusion H ortonucledte zygote I J, format 
tion of ciscobporcs ( ifUt Gutlhamorul 190*) ) 


fiist division i^s leductional The last step in ascus development is a free 
cell foimatioii tliat duides the protoplast into eight ummieleate asco- 
spores and a ecrtaiii amount of epiplasm (Fig 233I-J). The ascospores 
are liberated by a disintegration of the ascus wall. 

Instead of fusing with each other, both of an apposed pair of pro- 
tubeianees may develop into an ascus This is olniously due to par- 
thenogenesis (Fig 234) So, also, is the development of an ascus from a 
solitary protuberance on a mycelium The same is also the case where 
a cell becomes greatly swollen, and its piotoplast forms ascospores with- 
out sending out any protuberance e 

D^podascus is another of the Piotoaseomycetae with a typical myce* 
hum. There are tw^o species The type spc'cies, D. dlbtdus Lag., 
was first found growing saprophytically in slime fluxes exuding from 
^ Guilhermond, 1909; Stoppel, 1907 * Juel, 1902 
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trees. Its mycelium is sparmgly branched and transversely septated 
into multinucleate cells of varying length (Fig 2354). The oth6r 



Fio. 234 — Parthenogenetic development of a&ci of Eremaacua fertilta Stoppcl (AfUr 

Gutlhermond, 1909 ) 


species has uninucleate ( ells ^ There is no regular formation of asexual 
spores^ but under certain conditions a hypha may break up into a chain 
of oidia.^ 



Fio 235 — Dipodascua albtdua Bag A, thallus with a young ascus B-C\ early stages 
m conjugation D-Et early and later stages m development of zygote F-0, basal and 
upper portion of a zygote after the formation of ascospores. (il, Lagerheiin, 1892, 
B-O. G/ecr Jud, 1902 ) (B-O, X 675 ) 

Sexual reproduction of D dfbidiis begins in much the same manner as 
in Eremasem and with a formation of two latwal protuberances adjacent 
to a transverse septum. Each of the two protuberances contains 
several nuclei.^ There is soon a terminal fusion of the two protuberances 
* Biggs, 1037 * I.agerhoiin, 1802 * Dangeard, 1007; Juel, 1902 
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(Fig. 235B), Following this, each protuberance forms a transverse 
basal septum which blocks off its protoplast from that of the parent cell. 
One gametangium (the male) of the fused pair develops no further, and 
most of its nuclei migrate into the other (the female) gametangium. 
The female gametangium continues growth until its height is 12 or 
more times that at the time of gametangial fusion. Shortly after the 
male nuclei migrate into the female gametangium, one of them fuses with 
a female nucleus. The fusion nucleus is somewhat larger than other 
nuclei in the young zygote (Fig. 235C-D). It divides and redivides to. 
form 100 or more daughter nuclei, each of which becomes the nucleus of 
a young ascospore. The nonfusing gamete nuclei remain undivided^ 
and persist until a^-cospore formation, when they lie in the epiplasm 
delimited about the ascospore.s (Fig. 235F-G). The apex of the ascus 
ruptures or gelatinizes at matuiity, and the spores are extruded in a 
sticky matrix derived fiom the epiplasm. The extruded mass of spores 
often forms a sticky ball that remains attached to the ascus apex.* 

The yeasts {Macchairomycetaee(ie) are Endomycetales in which there 
has been a complete or almost complete supression of mycehal develop- 
ment. However, when grown under certain conditions* many of the 
yeasts develop a distinctly mycelial type of plant body. The yeasts are 
generally conddered reduced forms of genera closely related to Eremascus. 
They may be looked upon as unicellular mycehal forms in which there 
has been a permanent dissociation of the cells one from another. 

Mo.st of the yeasts are saprophytes that grow on substrata containing 
sugar. Such substrata include fiuits, nectaries of flowers, and sugar- 
containing exudates from wounded plant tissues. A large majority of, 
but not all, the sapiophytic yeasts break down sugars into carbon dioxide 
and alcohol when growuig under anaerobic conditions. This is of vital 
importance to the baker and to the maker of alcoholic products. Certain 
species are much better than others in various industries involving 
fermentation, and cultures of these species are grown with the greatest 
of care to prevent contamination by less suitable species. Other yeqsts 
arc parasitic on animals, and most of them are distinctly pathogenic. 

Yeasts are of two general types: those in which a cell divides into 
two daughter cells of equal size (fission yeasts); and those in which a cell 
lJuSs off a small daughter cell (fividdlng yeasts). There are also species in 
which cell division is intermediate between bipartition and budding. 

Schieosaccharomyces is the best-known genus of fission yeasts. One 
of the species, S. odosporous Beyerinck, is found on fruits gtomPia 
regions with a mild climate. In this country it has been isolated from 
grapes growm in North Carolina and in California.* The cells in a 

^ Juci, 1002, 1021 *T.>agerheim, 1802. * Guilliennond, 1020. 

* Coker and Wilson, 1911. 
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recently inoculated and vigorously growing culture tend to be rectangular 
and some of them may be distmctly hypha-like; cells in older cultures 
tend to be shorter and more rounded. A cell of S. octosporus is uninu- 
cleate and with the cytoplasm containing several small vacuoles or one 
large vacuole. There is never any accumulation of glycogen. 

Vegetative multiplication is by cell division. The nucleus of a 
cell divides into two daughter nuclei, and this is followed by a transvei^ic 
cytokinesis that forms two daughter cells of approximately equal size 
.(Fig. 2S6A-B). The daughter cells remain attached to each other 
for a time, but they eventually reflex and separate from each other.* 



Fig 236 — Schizosaccharomyces octosporus Beyprin(k A, vegetative cell B, »cll 
division. C F, stages^ m toiijugitiou G I, stages showing inert ast in minihor of nutloi 
before ascosporo formation J-K, after formation of ascospoics L-N^ parthenogenetic 
formation of ascospores ( X 1 950 ) 

Sometimes oj^eh of the daughter eells divides again bt'fore separation 
takes place. 

^S. octosporus is homothallic^ and sexual reproduction occurs in 
abundance two or thr(»e days after a culture has been inoculated on a 
solid medium. It begins with an end-to-crid apposition of two rounded 
cells. Sometimes the two are sister cells; sometimes they are not. In 
either case, each of the two cells sends out a short protuberance and 
the two protuberances unite with each other to form a conjugation tube.’ 
The two nuclei migrate into the conjugation tube and there fuse with 
each other (Fig. 2^QC-E). The conjugation tube broadens after this, 
and, according to the amount of broadening;, the yoked cells develop 
into a dumbbell- or barrel-shaped zygote (the ascus). The zygote 

^ Coker and Wilson, 1911 * Guilliermond, 1931. 

• Guilliennond, 1903, 1905; Coker and Wilson, 1911. 
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nucleus divides to form eight daughter nuclei (Fig, 236F-/), and this 
division is followed by a delimitation of eight uninucleate ascospores 
within the protoplast of the ascus (Fig. 23QJ-K), An ascus wall remains 
intact until germination of the ascospores within it. When an ascospore 
germinates, it enlarges somewhat and then divides transversely to form 
two daughter cells of equal size. Vegetative division continues for an 
indefinite number of cell generations. S. octosporus may also form 
ascospores without conjugation (Fig. 236L“iV). These partheno- 
genetically developed asci usually contain four ascospores. 

All of the budding yeasts have more or Igss .o¥md -cells. In Sac- 
charomyces certmsiae Hanscm, one of the brewer’s yeasts, there is a single 
conspicuous vacuole toward one pole of the cell. The cytoplasm con- 



Fio 237. — Saccha? omyce^ cprrninae rimson A, budding of vogotativo cells. B-C# 

as( osiHMcs ( X 2,600 ) 


tains one small nucleus and numerous rounded or angular granules of 
reserve foods. The rounded granules are either glycogen or fats; the 
angular granules are protein compounds Cell dixision of S, cerevisiae 
begins with a formation of a small outgrowth, the bud, at or near one 
pole of the cell. The nucleus divides as the bud is forming and one of the 
daughter nuclei migrates into the bud. A constriction of the plasma 
membrane in the plane of origin of the bud brings about a division into 
two daughter cells of very unequal size. The smaller of these, the 
former bud, enlarges rapidly, but it often produces* a new bud before its 
enlargement is completed (Fig. 2374). Usually there is not an imme- 
diate separation of a bud from its larger sister cell. Because of this, the 
cells of S. cerevisiae tend to lie in short branched or unbranched chains. 

Many of the budding yeasts also reproduce sexually. In one of them 
{Zygosaccharomyces Barkeri Saccardo and Sydow) conjugation takes 
place (Fig. 238) in much the same manner as in Schizosacchdromiyces 
octosporus.^ There is a fusion of two gamete nuclei in Z. Barkeri^ but 
the zygote nucleus divide^ to form only fgmx daughter nwleL Partheno- 
genesis has not been demonstrated in Z. Barkeri^ but it has been shown* 
to be of rather widespread occurrence in certain other conjugating species 

1 Barker, 1901 * Guillierroond, 1920. 
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'bf Zygoaaccharomyces. Until i«cently it has been assumed tb^it.,. 
most species of Saccharomyces are wholly parthenogenetic. Within 
<Be past three years four species of this yeast have been shown* to have 
the ascospores conjugating in pairs at the time of germination. 
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Fio 238 — Zygoaaccharomyces Barken Sacoardo and Sydow A-r, stages in conjugation 
D ascospores (After Barker^ 1901 ) (X 1,600 ) 

There is considerable justification for an assumption that nuclear 
fusion in zygotes of Scinzosaccharomyces and Zygosaccharomyces is 
followed by meiosis and that the vei^etativc cells have o, haploid number 
pf chro mosomes However, this generalization cannot be extended to 
all conjugating yeasts In Saccharorr\>yQQd^$ Lydmgn Hansen^ and the 



D 

Flo 239 — Saccharomycodes Ludwigti Hansen A vegetative cell B^ germinating 
ascospores C-J?, stages m (onjttgtfflon of germinat;mg ascospores F, the first cell divi- 
sion after conjugation (After Ouithermom^f 1905 ) 

species of Saccharomyces just mentioned, conjugation takes place when 
the ascospores germinate and not just before they are formed (Fig. 239). 
The cell resulting from fusion of two germinating ascospores may unde^ 
go repeated vegetative division before there is a formation of a new 
iSyiS of ascospores. It is very probable tl^t the vegetative cells of 
the 90 yeasts are diploid and that meiosia is delayed until just before 
aaoospore formation. 

* Wmge, 1935 * Guilkermond, 1903, 1905. 
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SUBCLASS 2. EUASCOMYCETAB 

The Euascomycetae include all the Ascomycetac in which the asci 
are formed on ascogenous hyphae arising from a zygote or from a parthe- 
nogcnetically developing ancogonium. Practically all of the P]uaacomy- 
oetae produce ascocarps containing many asci. The subclass includes 
all but about 500 of the known 25,000 spc(‘ics of ascomycetes. 

There are no known transitional forms leading from the Proto- 
ascomycctao without ascogenous hyphae to the Euascomycetae with 
well-developed ascogenous hyjihae. Most mycologists think that the 
Aspergillales arc the most primiti\ e of the subclass. PQ^pitive characters 
found among the Aspergillales include: an asco(*arp in which the sterile 
jacket layer (pendiunt) is not open at matuiity; asci developing directly 
from terminal cells of the ascogenous hyphae; and an irregular arrange- 
ment of the asci within an ascocarp. The derivation of the more 
advanced Euascomycetae fiom the Aspc'igillahvs is uncertain. The 
Aspergillales may have given li^e to tin* discomycetes and these to 
the pyreiioniycctes, or \ice versa. Then' is alsrf) the possibility that the 
discomycetes and the pyrenomycel ('s n'present t^^o divergent evolution- 
ary lines from the lowel* J^uascomycelae. 

During the past 40 years there lias bec'ii a growing tendency to 
abandon the classification of ascocarpic ascomy(*etes into Plectomycetae, 
Diseomycctae, and Pyrenomycctae. Instc'ad, mycologists* have sepa- 
rated the Euascomycetae into a number of onh'rs, but they are in marked 
disagreement as to the munber that should be recognized. Of the 
orders described in this cliapter tin* Pezizales, Helvellales. Phacidiales, 
and Hysterialcs are usually considered Discomyceiae; and the Hypo- 
croales, Sphaeriales, and Dothidialc's are considered Pyrenomycetae. The 
Euascomycetae may be divided into the following 12 orders: 


ORDER 1. ASPERCULLALES 


The Aspergillales, also known as tin* PkctascaUs^ have a closed 
ascocarp (cleistecarp) in which th(*Kniter sterih* portion (peridium) is 
composed of loosely or compactly interwoven hyphae. The asci lie 
irregularly distributed within the ascocaip. The order contains more- 


than 30 genera and 800 species, 

PeniciUiuin is a saprophytic genus that grows decaying veget aJbtoj . 
fruits, meats, and g great variety of moist plant and ammal 8 uSbUUMi| 9B. 
Most species caus^conomic loss, but a few of them, especiaUj^Sbo^ 
involved in ripening of ^amombort and Roquefort cheeses,^ ^te « epo- 
nomio benefit. There are* also a few specio^J|[>athogemc to mtm and 


'Clements and Shear, 1931; Gwynne-Vaughan and Barnes, 1927; SehiOter, 
lindau and Fischer, 1894-1897; Gaumann, 1928; Bessey, 1935. 
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QtibfiC4uumals. Four hundrea forty-three species arc recogir^ed in a 
recent monograph of the ^enus. ‘ The igyQelium of PeniciUiurp. may grow 
superfiqy|ly up6n or penetrate deeply into the s^stratum. *?It is com- 
posed ofireely branched hyphae with^ thin-walled cells, each generally 
with more than one nucleus. ^In some speHes the mycelium may become 
compacted into a sclorotium. 

(T)As^ual reproduction 'Is by the formation of brus h-like tufts of 

“comdia" at the tips of cpnidiophores. A conidiophore grows verti- 

cally from the mycelium and to a more or less definite 

height. It may consist of a single axis terminating 

in a penicillate tuft, or it may _be branched, with 

each branch terminating in a tuft (Fig. 240).l/ A eonid- 

iophore, or each branch of it, terminates in several 

uninucleate cotiidiifeious cells or stcrigmatn. ' A ster- 

igma of PemciUium is np4t,Jbjomologous with the ster- 

igma found in basidiomycetes* Spore formation 

begins with a division of the nucleus and a migration 

of on|^ daughter nuelafiis into the narrow apex of a 

sterigma. The ^iminal ])oi lion of tlie sterigma is then 

cut off as a sliort cylindrical cell, lliiad the protoplast 

secretes a spore wall that lies free ftom the original 

enclosing w^all^in other species it secretes a spoie w^all 

that is fused with the original wall.^/Thus the 

conidia of FeniMlhum are leally aplaiiosporcs or 

aKmetes ,^ AcfiftTonal cells are cutTrff4S^at’r6j^^ 

succession af the ^terigraa apex, and the protoplast of 

each develops into a spore. Accordingly as the' spore 

I?o. 240.— Comdia wall is free from or united with the original cell wall, 

of PenidiUum sp. the spores in a chain lie a short distance from, or abut 
( y 976 ) 

upon, one another. 

Most ofjthe species known to produce asci belong to a single section of 
the genus. ^ _^ertain of these species arc liclpro^^ j^Uu! and only form asci 
when there is an intermingling of two mycetiai^Thc structure qf the sex 
organs and the development bf* asci from species to species.* P. 
vermicuMum Dang, is one of the species with a pimple typo of ascogoniuiii. 
j^It has a mycelium of uninucleate, cells, anu its ascogonia are developed 
frojn erect unicellulax branche.s.® lA. young ascogonium is miinucleale, 
but, as SE elongates, the nucleus divides and redivide s to form 32 or 64 
^Ughter nuclei (Fig. 241A~P). \A slender uninucleate antheridial 
^ bianeh grows up in a lax^pirj^ljth^piakes several turns about the d<^e lop- 
iiig ascogoniumtt^i^he antheri^d branch eventually forriM^ short^me- 

Thom, 1930 * Thom, 1914, 1930. ♦ Dent, 1926. 

* Dodge, B. 0., 1933; Emmons, 1936. ‘Dangeard, 1907. 
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what inflated, uninucleate antheridial cell at its distal end. The tip of the 
anth eridial coll is apposed to the IgcggsyUMP’ there is a dissolution m 
cell walls in the region of mu£ual contact (Fig 241C-i)).^flt tas*Se^ 
hcld^ that there is no gametic union afte^ p at,n.h1ishp;ipT;iti pf 
between anthcridi^ adid ascogonial protopkuds. However, the denwn- 
stration® that P. verminilatum is heterothallic implies that theiek a 
gametic unioni< Fjntangled steiile hyphdo no^ grow up about llie umted 



iifWitWl 


A 


'%c>\ 
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Fut 241 Penicillium n mi( iUUum D in^ A li young ihcokoih i ( -D isoogonium 
after devclopinf iit of the lutlu lulium E a-scoROiimm Ijogmnmg to l)p burrounded by 
Btorile hyph 10 F ifter the tiins\f iso siptation of the istoKomuin G transverse section 
of i young ib(o( irp shoiMug tlu iv ugoniuiii suriouiidtd o> iscogeiious hyphac (shaded) 
and slciile hyph le H portion of i ne iilv ni vtuii is(of .rp showing the dsti intermingled 
with sterile hyphae {Aftei Danytard, 1907 ) (X 450 ) 


antluuidjum and aseogouinm (Fig 241i4'-t?) and de\ elop into the lo^ejy 
felted outer region of the mature aseoeaip Meanwhile^ tlic ascogon ium 
J^eomes tiaiisveisely divuTed into a row oi biiiui Icate eells (Fig 241F), 
eaeK of whieh sends out one or more branched ascogenous hyphae, also 
composed of binuelcate cells. The details of ascus development are 
unkngsp^'r P. verfiif^iulatum The mature asei he iiiegular|^ distritiu^Od 
wiroughout the loose meshwork of hj^iae comprising the central reg^bn 
o^M^cocaip (Fig 241//)b They aro stibglob ose and generally wit^iuy 
towjlllPllipsoidal ascospor^ ^ '' ' 

> Dangeard, 1907 ‘Deix, 1925 
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ORDER 2. ERYSIPHALES 

The Erysiphales (sometimes called the Perisporales) are parasites that 
grow superfieially on the host. The ascocarp is a more or less globose 
cleistocarp with a compact pseudoparenchymatous jacket layer (peridium) 
that has no opening. Most members of the order have a layer of parallel 
asci at the base of the cavity within the peridium, but a few of them have 
the layer reduced to a single large ascus. 

The powdery mildews (Erysiphaccac) are the only family of the order 
in which the life history has been studied in detail. Erysiphe, the type 
genus, grows on a wide variety of hosts, including many cultivated plants, 
and over 60 species have been described. Its mycelium is composed of 
6hort_unin uclea tQ cells. The mycelium grows superficially on the host, 
either upon stem or leaf. Food is obtained by means of modified, one- 
celled, haustorial branches that pierce the walls of the epidermal cells of 
the hosts. Haustorial branches of most species develop into globular or 
pyriform swellings within the protoplast of the host cell (Fig. 242A), but 
in one species the haustoria have several parallel tubular processes. ‘ 
Asexual reproduction takes place shortly after the mycelium has 
become established upon a host and begins w ith an upgrowth of numerous 
short, erect, unicellular branches (conidiophores) from the mycelium. A 
unicellular conidiophore may cut off conidia in acropctalous succession 
from its distal end (Fig. 2425-7), or it may divide into a long stalk cell 
and a short terminal cell that .successively cuts off conidia. Conidia are 
formed in profusion throughout most of the growing season. There is an 
immediate germination of detached conidia that have fallen upon a suit- 
able host, and within a fetv days the new mycelium begins to form conidia. 

Sexual reproduction of Erysiphe doe.s not begin until the growing 
season of the host is drawing toward a close. Sex organs are developed at 
the ends of hyphae which have grown together in pairs and are twisted 
about each other. The terminal cell of one h3rpha develops directly into 
the somewhat broadened uninucleate ascogonium (Fig. 243A). The 
terminal cell of the other hypha divides transversely into two, daughter 
cells of unequal length. The distal cell is the aniheridium ; the other is the 
stalk cell.^ The autheridial and ascogonial walls disappear at the re^on 
of mutual contact to form a pore through which the protoplast of the 
anthcridium migrates into the ascogonium.* Fusion of the gamete nuclei 
followed by an immediate division of the zygote nucleus into five to 
eight daughter nuclei (Fig. 2435). The multinucleatc ascogonium next 

• *S)nith, G., 1900. * Harper, 1896. * 

* Certain mycologista, including Dangeard (1907), Winge (1911), and t^Umiu 
(1929), hdlc^ that there ia no migration of the antheridial protoplast into the asco- 
gopium in the ElrysiphaleB. 
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brcomes a row of four to five cells by a formation of transverse septa.* 
In this row the penultimate cell has two or more nuclei (Fig. 243C). 
Several stout processes grow out from the upper aidepf thapemkiRiate 
eeU and each of them develops into an ascogenous hypha two or three 
cells in length (Fig 243 D). are so densely inter- 

t wg]^ed that their development cannot be followed in cl^ail, but ft has been 
shown^ that those cells which develop into asci are binucleaie and inter- 



calaiy in jposition Cells of the ascogonoiis hyphae destined to become 
asci soon increase greatly in size (Fig 2^3E-F ) ; the remaining cells of the 
ascogenous hyphae lose their protoplasts and become compressed as the 
asci develop. 

The sex organs become surrounded by a layer of densely compacted 
sterile hyphae immediately aftei fertilization (Fig. 243A-(7). Thea^ 
hyphae arise chiefly from the cell subtending the ascogonium. At firgt 
the cnsheathing layer (pendium) is one cell in thickness, but, by the time 
the ascogenous hyphae appear, it has become three or more cells in thick- 
ness Eventually it becomes a layer, 6 to 10 cells in thickness, in which 

^Harper, 1896 






Fig. 243 . — Eryeiphe agyreyata (Pk.) Farlow. asoogonium encircled by sterile 
hyphae. znultiniicleate ascogonium. after transverse septation of ascogonium. 
D, young aacocarp containing ascogenous hypbao. E G^ successive stages in development 
of ascocarp and asci. X 975; 'Z>, X 050; E G^ X 480.) 

As this peridium is developing, there is a union of the two nuclei in 
each younfe ascus (Fig. 232), Following this, each ascus enlarges greatly, 
during enlargement the fusion nuoloas divides and redivides to form 
j^ght. daughter nuclei. Division of the fusion nucleus is meiotic, and 
is considerable evidence (page 421) for thinking that this involves a 
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double reduction in the chromosome number. Asci of some species of 
Erysiphe form eight ascospores after the octonucleate stage of ascogonial 
development (Fig. 243G). Asei of other species have a free cell formation 
around only two of the eight nuclei in an octonucleate ascus; the remain- 
ing six nuclei lie in the epiplasm surrounding the two ascospores. Asco- 
spores of many species of Erysiphe are not fully ripened and capable of 
germination until the following spring. 

A mature ascocarp usually remains attached to the host, but it may 
become accidentally detached and blown about by the wind. The 
peridium usually remains intact over winter, and thcTC is no liberation of 
ascospores until the following spring. Opening of the ascocarp may, as 
in E. graminis DC.,^ be due to a trans\erse splitting in the equatorial 
plane, followed by a shedding of the u]>per half of the peridium. In 
7?. graminis there is a forcilile ej^'ctioir of ascospores from the exposed 
asci and an ejection with sufficient force to hurl them more than 20 mm. 
Ascosi)ores falling upon a suitable ho^t germinate immediately, and 
wdthin a few dajs tlien^ is a imxluetion of conidia by the mycelium 
developing from an aseospore. The conidia, in turn, give rise to new 
myc(dia producing conidia. Whem conditions are favorable, this may 
result in a rapid spreading of the lungus to a large* number of individuals 
of tlie host sp(‘cies. 

ORDER 3. IIYSTERIALES 

The Ilysteriales liave small <*longate ascocarps which develop a 
longitudinal slit-like o])ening as they become jnature. The asci lie in 
a palisad(*-likc layer at the base of an ascocarp. The order includes 
some 25 genera and 280 speei(\s. 

Ascocarps of the JIyst('ri:iles are often interineted as apothecia that 
show an approach toward a ])eritlie(‘ial type. There are equally good 
grounds for considering tlioin ch'istocarps with a longitudinal dehiscence 
at maturity. 

Lophodermiunt is a ])arasitic genus with ai)proximately 30 species. 
Certain of them, including L, pivastri fSchrad.) Chev., are parasitic 
upon leaves of conifers and cause a serious defoliation when seedlings 
of the host are inf('cted. Other sp('cies an parasitic upon angiosperms. 
Some of these latter species are restricted to a single host; others, includ- 
ing L. hysknoidcs (Pers.) Sacc., infect a mther )vide range of hosts. 

Germinating ascospores of both L. pinastri and L, hyderioides produce 
a hypha that grows through a stoma and then develops into a myceliqm 
that invades the underlying mesophyll. Ev(*ntually there is a develop- 
ment of a compact subcuticular or subepidcrmal sclerotial mass (Fig. 
245A). Surface cells of the sclerotium develop into a palisade-like layer 

^Salnjon, 1903. 
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in ivhich each cell cuts ofif a succession of acicular spore-like bodies (Fig. 
244(7). These bodies are g<*neially considered conidial in nature, and 
the whole reproductive area is called a pycnidiiim. If they arc asexual, 
the reproductive area should be considered an acervulus rather than a 
pycnidium. Recently' these “acervuli” have been interpreted as 
spennogonia in which each sperniatiophore cuts off a succession of 
acicular siierniatia The best aigument in favor of their spormatial 
nature is the failure of all attempts-* to germinate the coiiidia. 



A C 

Fia. 244 — Lophodenum pina^tri (Sc'hrad ) Ch( v 4 pine needles with mature asco- 
(aips J5, surface view of an ascocarp C, voitn nl section oi an "acervulus ’ {A—B, after 

JimeSt 1935f someuhat modified C from Likhiti 1920 ) 


L. pinastn &oem^ to b(' heterothallic aiifl oply to have a development 
of ascocarps (Fig 2i4:A-B) when there is a mullijile infection of the host.^ 
The production of ascogonia, tlie fiist step in the production of an 
a&cocarp, takes place late in sunimoi, while the Ictues are still attached 
to the host. Later stages in ascocarpic development are completed 
during the winter and after abscission of the leaves Ascogonia of 
L. ptnastri are fla^k-shaped and with the upper poition prolonged into a 
trichogync.^ Some of the ascogonia develop intermingled with the 
apermatiophores; others develop independent of the spermogonia (Fig. 
246 jB-C). In the first comc the ascogonia seem to be fertilized by sper- 
matia dev<doped within the aamc siiermogonium; in the second they seem 
to be fertilized by spermatia exuding from spermogonia. 

Differentiation of ascogonia is followed b^ a rapid enlargement of the 
sterile tissue into what eventually becomes the peridium of the mature 
^ Jones, 1935 *Likhitd, 1926; Jones, 1935 ’Langner, 1933 
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ascocarp Accordingly as an ascocarp is developed within a spenno> 
gonium or independent from it, the ascocarp is overarched by both the 
epidermis and cuticle of the host or by the cuticle only The sub- 
epidermal or subcuticular portion of a young peiidium soon becomes a 
dark-colored tissue, the epith&num, the portion bepeath this, the hypo- 
ihectum, remains light colored The epithecium and hypothecium soon 



Fig 245 —Lophodermium jnnastn (bchrad ) Chev A very young ascocarp B, 
spermogonium C spermogonium containing ascogonia (shaded) D-E ascocarps with 
young and fhature asu {After Jows 1935 aomewfuU modified) (4 D E X 265, B, 
X 600 C. X 550 ) 

separate from each other along the plane of mutual contact, and erect 
hyphae (paraphyses) grow mto the ascocarpio cavity thus developed 
Ascogenous hyphae ramifymg through the hypothecium now grow up 
to the floor of the ascocarpic cavity and there produce asci Cells pf 
ascogenous hyphae dcvelo^ng into asci may have (L ptnastny or may 
lack (I# hystenmdfsY typical croziers In either case a mature ascus 
contains eight acicular ascospores. 

> Jones, 1935 * Likhit#, 1926 
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Coincident with appearance of the first asci, there is a differentiation 
of a tubular internal chamber along the saggital axis of the cpithecium 
(Fig. 245D). This chamber becomes loosely filled with hyphae whose 
inflated terminal cells have living protoplasts. When the asci are mature, 
these somewhat mucilaginous hyphae absorb water in quantity, and the 
resultant hydrostatic pnvssure causes a longitudinal splitting of the 
epitheciiim (Fig. 245S). The exposed asci then eject their ascospores 
through the fissure in the epithecium. 

ORDER 4. PHACIDIALES* 

The Phacidiales have a flattened rounded ascocarp in which the 
overarching pcridium opens at maturity .by rupturing into stellate 
fissures or by developing a circular pore. The order includes approxi- 
mately 775 species — some parasitic, some saprophytic. 

Rhytisma, a genus with about 25 species, causes conspicuous black 
areas on leaves of various hosts. Because of its color, the fungus is 
often known as tar spot. R. Acerinum (Pers.) Fries, parasitic on various 
species of maple, is the best-known species (Fig. 246). Ascospores 
of this species are discharged in the spring, and, when they fall upon 
a leaf of the host, they soon germinate to form a mycelium of short 
uninucleate cells. The mycelium is intracellular, and it invades all 
tissues of an infected area, including the upper and lower epidermis. 
At first growth is most active in the upper epidermis, and each of these 
cells becomes filled with densely compacted hyphae.^ Eventually the 
mesophyll and low^er epidermis also become filled with densely compacted 
hyphae. The hyphae adjoining outer walls of cells in the upper epidermis 
next secrete a dark-colored substance that fills all interhyphal inter- 
stices; the remaining hyphae within the upper epidermis continue growth. 

Growth of hyphae in the epidermis is aeeompaiiied by a rupturing or 

partial disintegration of anticlinal walls in the epidermal cells, and 
this is followed by a growth of the hyphal mass to several times the 
original thickness of the epidermis. 

Asexual reproduction is by the formation of conidia. Tbc conidi- 
iferous area is circular in outline and is differentiated from the mycelium 
within what was formerly the epidermis. The outer dark-(‘olored 
portion of the intra-epidermal mycelium forms a protective covering 
over the conidiiferous area, and the conidia are developed immediately 
below it. A superficial cell of the conidiiferous tissue divid('s into 
a short basal cell and a long cell, the conidiophoro,^ which cuts off acicular 
conidia in acropetalous succession at its \ippcr capitate end. The 
continued production of conidia eventually causes a bulging and an 
eventual rupture of the black overroofing fungus tissue. A viscous 

^ Jones, 1925. 



A8C0MYCETAB 


441 


liquid containing innumerable conidia then exudes through the opening. 
The conidium-forming area is usually called a pyonidium, but it would 
be more appropriate to call it an acervulus^ because the enclosing sterile 
tissue is not open from the beginning. The conidia have been con- 
sidered nonfunctional^ since they could neither be induced to germinate 
nor to produce an infection when inoculated on leaves. 

Ascocarp dcvelopmcuit begins in the autumn and generally upon 
leaves shed from the host. An acervulus that has discharged most of 
its conidia may develop into an ascocarp, but most ascocarps are formed 
de novo and toward the margin of the blackened infected area. At this 
time the mycelium consists of an outer black zone of densely compacted 
hyphae, a median colorless zone of loosely interwoven hyphae, and an 
inner, somewhat darkened zone of compacted hyphae. Ascocarp develop- 




B 


Fio 240 —Rhyiisma Actunum (Pers ) Fries. A, leaf of maple with ascocarpB. B, asco- 
carp. (A, X ^ 2 , B, X 3.) 


ment commences with an enlargement of a disk-shaped area in the 

middle zone, the cavity thus formed containing many loosely interwoven 
branched hyphae. Several ascogonia are developed low on the hyphal 
system filling the cavity. There is never a development of antheridia. 
Each ascogonium is a lateral hyphal branch two to five cells long. The 
lowest coll is a stalk cell, the next cell above that is the ascogonium 
proper, and the cell or cells above the ascogonium proper constitute the 
trichogyne.2 The stalk and trichogyne cells are usually uninucleate, 
and the ascogonial cell is always multinucleate. Sooner or later there 
is a disappearance of all transverse walls in the branch except that 
between stalk and ascogonium. All the nuclei and cytoplasrfi of the 
trichogyne migrate into the ascogonium, which soon sends out multi- 
nucleate outgrowths — th% ascogenous hyphae. Nuclei in both the 
ascogonium and the ascogenous hyphae tend to lie in pairs, but there 
is no fusion of the paired nuclei. Eventually the ascogenous hyphae 
^ Gaumann and Dodge, 1928. * Jones, 1926. 
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develop transverse septae that divide them into binucleate cells and 
develop asci directly from terminal cells without forming the usual 
croziers. Unlike most other ascomycetes, fusion of the two nuclei 
in the ascogenous cell is delayed until the ascus has become elongate and 
club-shaped. The fusion nucleus divides into eight daughter nuclei, 
and an ascospore is cut out about each daughter nucleus. The ascospores 
elongate to many times their original length and come to lie parallel 



Pig. 247- -Rhytiama Aceiinum (Pers ) Inos A, vortical section of a, mature iscocarp. 
B (\ young and mature asci. (A, X 485, B (\ X 060 ) 


to one another in a fasciculate cluster in which one spore is onciicled 
by the other seven (Fig. 247fi-C) 

As the asci arc maturing, theie is a disintegration of an internal 
strip of cells in the lower poition of the compact roof of the ascocarp 
(Mg. 247A). The slot-like ca\ity thus formed becomes filled with a 
mucilaginous substance that imbibe.s water. With continued imbibition 
there is eventually a development of a hydroslatic pressure sufficient 
to burst the overlying portion of the roof. Rupture of the tissue under- 
lying the cavity is due to a swelling of the parairhyses and asci. When 
the asci are exposed, there is a forcible ejection of ascospores in a small 
dust-like cloud that shoots upward for a millimeter or more.^ A few 
minutes after pufltog, there is an ejection of another puff of ascospores, 
and intermittent puffing continues until all the ascospores have been 
discharged. 

‘ Jones, 1925. 
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ORDER 5. PEZIZALES 

The Pezizales, familiarly known as the cup fungi, have a more or 
lea«> cup-shaped apothcciiun lined with a layer of parallel asci. The 
order includes some 4,700 species. 



Fio 248 —Pyronema eonjluena (Pors ) Tul A, surfve view of o duster of sex orzans. 
vertical section of an apposed antheridium and uscogonium C, vortical section of an asco- 
gonium with young ascogenoua hyphao. B, diagrammatic vertical section of a young 
ascocarp. (C, after Gwynne-Vaughan and Wdliamsont 1931 ) (A-B, X b50; C, X 600; 

B, X486.) 

Pyronema is one of the saprophytic soil-inhabiting Pezizales! It 
is usually found growin^f only on soil that has been burned over, but 
it may grow in greenhouses or in seedbeds where the soil has been steril- 
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ized by steam. ^ The mycelium of Pyronema grows superficially on the 
soil and forms a white cottony layer. It is profusely branched and 
composed of relatively short cells, each with 6 to 12 nuclei.^ There is no 
regular production of asexual spores, but certain erect hyphae of the 
mycelium may form chains of oidia.® 

Sexual reproduction begins four or five days after ascospores have 
been sown on a suitable substratum, and the ascocarps may be fully 
mature 10 days after the sowing of spores.^ P. confluens (Pers.) Tul. is 
homothallic, and the mycelium developed from a single ascospore bears 
both anthcridia and ascogonia.^ At the time of sexual reproduction, a 
mycelium sends up dense tufts of short, erect, two- to four-celled branches 
in which the terminal cell of each branch is miiltinucleate and develops 
into an antheridium or an ascogonium (Fig. 248A). Cells developing 
into antheridia become club-shaped, and their nuclei divide and redivide 
until there are 100 or more. Those developing into ascogonia become 
'subglobose and also come to contain a hundred or more nuclei (Fig. 
248P). A developing ascogonium produces a curved, tubular, apical 
trichogyne whose tip grows toward, and becomes mote or less curved 
about, the upper end of an antheridium. Tjatcr on, but still before 
fertilization, a transverse wall is formed across the base of the trichogyne. 
This is soon followed by a dissolution of cell walls in the region of contact 
between antheridium and trichogyne, a disintegration of nuclei in the 
trichogyne, and some disintegration of the central pore in the transverse 
wall between trichogyne and ascogonium. Most of the cytoplasm and a 
majority of the nuclei in an antheridium then flow into the ascogonium. 
The wall between trichogyne and ascogonium is reformed after this 
gametic union. Fusion of male and female nuclei in pairs has been 
affirmed* and denied,* but, taken as a whole, the evidence seems to show 
that there is a union of gamete nuclei. Fertilization is followed by a 
development of several irregularly branched tubular outgrowths (asco- 
genous hyphae) from the ascogonium (Fig. 248C). A majority of them 
develop on the upper side of an ascogonium, and most of the cytoplasm 
and a large majority of the nuclei migrate from the ascogonium into the 
hyphae. Young ascogenous hyphae are without cross walls: older 
ones are transversely septate and with binucleate cells toward the distal 
end. Each hyphal branch producing an ascus recurves to form a typical 
crozier in which the ascus is formed from a binucleate penultimate cell 
(Fig. 231). Ascus development takes place in the usual manner, with 
a union of the two nuclei, a formation of eight daughter nuclei from 
the fusion nucleus, and a cutting out of an ascospore about each nucleus. 

' Seaver, 1909. » Claussen, 1912; Harper, 1900. 

*L. R. and C. Tulasne, 1865. * Gwynne-Vaughan and Williamson, 1931. 

® Harper, 1900; Gwynne-Vaughan and Williamson, 1931; Tandy, 1927. 

•Claussen, 1912; Dangeard, 1907; Moreau and Moreau, 1930. 
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Numerous sterile branched hyphae develop from the cells below the 
ascogonium immediately after gametic union. These soon form a 
loosely interwoven envelope surrounding and overarching the united 
sex organs. The sterile hyphae enclosing one pair of united sex organs 
also become intertwined with those about adjoining pairs of sex organs. 
Thus several young apothecia become united to form a single compound 
one that is some 2 mm. in diameter at maturity. The apothecium of 
Pyronema is not as markedly cup-shaped as is that in most other Pezizales. 
However, the concave fertile layer of vertically parallel asci and sterile 
hyphae (paraphyses) is quite characteristic of the order (Fig. 248Z)). 

Ascospores of Pyronema are capable of germination immediately after 
they arc formed, but they may remain viable for a year or more if condi- 
tions are unfavorable for germination. The nucleus of a germinating 
spore divides to form six or more daughter nuclei; then the spore sends 
out one or two stout multinucleate hyphae ^ Each hypha soon becomes 
transversely septate and with 6 to 12 nuclei in the cytoplasm between 
two successive septa. 


ORDFR 6. TUBERALES 

The Tuberales are wholly or almost wholly subterranean in habit 
and with an ascocarp that is a comph'tely or an incompletely closed 
apothecium. The palisade-like layer of asci (hymenium) may be simple 
and surround a large central cavity within the apothecium, or the 
hymenium may lie in irregular folds that completely fill the central 
cavity. The order contains some 25 genera and 250 species. 

Several genera are of widespread distribution in Europe. TruflBies, 
the most highly prized of all edible fungi, include certain species of the 
genus TubtVf especially T, melanosporum Vittard. The gathering of 
truffles is a regular industry in France where the output for the year 
1933 had a total value of 13,600,000 francs. ^ Truffles are not evident 
to those collecting them because they grow 3 to 12 inches below the 
surface of the soil. The gatherer of subterranean truffles locates them 
by their very characteristic odor. This is not evident to most human 
beings but is readily evident to many animals. The professional col- 
lector for the market trains dogs or pigs to locate truffles by scent and 
digs them up after the animal has discovered soil in which they are 
growing. Most of the Tuberales known from this country have been 
found in California.® Many of the species found in California are edible, 
but they have not been found in sufficient abundance to make th^ir 
collection commercially profitable. 

The thallus of Tuber is a colorless subterranean mycelium composed 
of numerous branching hyphae with short uninucleate cells. The hyphae 

^ Gwynne- Vaughan and William^n, 1931. 

* Franco, Ministere dc TAgriculture, 1935. 


3 Gilkey, 1916; Harkness, 1899. 
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may run in all directions or may lie parallel to one another in thick 
strands {rhizomorphs). The mycelium of T. mdafiosporum seems to be a 
mycorhizal symbiont with roots of various trees, especially oaks and 
beeches.^ Mycelia of other species, including T. candidum Harkn., are 
true saprophytes. 

The only type of spore known for any of the Tuberales is the ascospore. 
There have been but few observations on early development of the 



Fio. 249 . — Tuber candidum Harkn. A, surface view of a mature ascocarp. B-C, sections 
of young ascocarps. Z), vertical section of a mature ascocarp. (A, X 2 ; B-C, •X 9 ; Z>, X 3.) 

ascocarp and in no case has it been found yqung enough to show the' sex 
organs. Young ascocarps of Tvher are apothecia in which there is an 
early differentiation of the parallel multicellular pataphyses of the 
hymenial layer. This layer is irregularly folded in the young ascOcarp, 
and, as development continues, the folding becomes more and more 
pronounced (Fig. 2A9B-D). The interstice| between opposite folds of 
the hymenium are filled with a loosely interwoven mass of hyphae 
thought to be formed by an outgrowth of certain 'of the paraphysee. 

‘ Pangeard, 1894, 
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In T. eandidium formation of the hymenium seems to be preceded by a 
localized pulling away from one another of hyphae within the thallus. 
This results in linear cavities containing very loosely interwoven hyphae 
(Fig. 250il ) . Many newly formed hyphal branches then grow toward the 
cavity and become arranged in a palisade-like layer encircling it. The 
ascogenous hyphae may be recognized by their greater breadth and their 
denser protofMaste (Fig. 250^1). They lie just below the palisade-like 
paraphyses, and their tips are recurved to form crozicrs in which the 
penultimate binucleate roll develops into an ascus.^ The two nuclei 



Fig. 250 . — Tuber candidum Ilarkn. A, younfc ascoeenous hyphae beneath the hymenial 
layer. B, portion of the fertile region of a mature ascorarp. (A, X 650; X 430.) 


in a young ascus unite with each other, and the fusion nucleus divides 
to form eight daughter nuclei.* A.scospores are cut out around certain 
of the nuclei only (Fig. 261'). In T. candidum the number of spores in 
a mature* ascus ranges from one to seven (Fig. 250fi). Ascospores of 
Tttfter have the spore wall ornamented with spines or with reticulations. 

A mature ascocarp (Fig. 249 A) is more or less globose, has a smooth 
or warty surface, and is rarely more than 8 cm. in diameter. The outer 

portion of the ascocarp is a sterile thick-walled tissue known as the 
cortex. In certain parts of an ascocarp the cortex is derived f^m 
the outer region of the young apothecium; in other parts of the ascocarp 
it is derived from the asco|enous tissue. An ascocarp remmns unopened 
after it is fully mature, and the ascospores are only liberated by a decay 
*■ l^cblUBnig, 1021. * Dangeard, 1894; Schussnig, 1921. 



448 


ALOAE AND FUNGI 


of the cortex. Spore dispersal may be effected through the agency of 
animals, especially rodents. In California, certain of the Tuberales 
are a favorite food of wood rats^ which detect them by means of their 
very characteristic odor. The ascocarp dug up by the rat may either 
be eaten on the spot or carried to its burrow. In either case, crumbs 
falling on the ground may inoculate the soil Spore dispersal may also 



Fio. 251 — Tubtr candtdum Harkn A, young tiscus B, asrus just after the formation of 
an aacosporo C D, young iiul m iture nsoospores. ( X 650 ) 

be effected by undigested ascospores passing tliiough the alimentary 
tract of an animal that has eat(“n an ascocarp ® 

ORDKR 7. HEJ.VELLATiKR 

The Helvellalet) have a sessile or stalked ascocarp with a ficely 
exposed, smooth or wnnkled, everted ascogenous layer m which the asci 
are parallel to one another The order contains some 275 species, 
almost all of which are soil-inhabiting saprophytes 



Fio. 252 — A, mature asrooarp of Hdvdla rnspa Fries B Fy H daslxca Bull , early 
stages in development of an ascocarp. {B-F, after McCubbxny 1910) (A, X B-JBf, 


Helvetia has a much-branched subterranean mycelium of many 
loosely interwoven multicellular hyphae in which each cell contains 
2 to 16 nuclei.* There are numerous anastomoses between the various 
> Parks, 1919 * Masses, 1909 > McCubbin, 1910, 
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hyphae. The mycelium of Helvella has never been found producing 
asexual spores, but that of a closely related genus has been found with 
conidia.^ 

Sex organs have never been found in young ascocarps. This may be 
due to the fact that they have been overlooked. There is also the possi- 
bility that the production of sex organs has been replaced by a fusion 
of nuclei in pairs in certain of the vegetative cells. This nuclear fusion 
has been described® for vegetative colls of H. crispa Fries but cannot be 
accepted unreservedly since the observed pairing might have been due 
to a recent division of, rather than to a fusion of, nuclei. The portion 
of a mycelium developing into an ascocarp is composed of hyphae 
that are shorter, thicker, and more profusely branched.® Young asco- 



Fia. 253 . — Hdvella sp. Diagrammatic vertical section of a portion of the hymenium 
showing asci at various stages of development. ( X 325.) 

carps of //. crispa j approximately 0.5 mm. in diameter, consi.st of a stout 
stem and a bulbous cap of somewhat greater diameter (Fig. 252B-C). 
At this stage there is no dififen ntiation of tissues within the cap. Soon 
after this there is the formation of a palisadc-like layer of parallel hyphae 
over the surface of the cap. Certain of the hyphae grow beyond the 
palisade layer and interlace with one another to form a thin overlying 
layer that disappears as the cap develops further. The palisade region 
of the cap grows more rapidly than does the region internal to it. As a 
result, the cap soon assumes the saddle-shape form chara(*teristic of the 
mature fruiting body of 11. crispa (Fig. 252D-F). Young ascocarps 
are subterranean, but, as they grow older, they push up through the 
soil and the above-ground portion eventually attains a height of 2 to 
8 cm. (Fig. 252 A). 

The ascpgenous hyphae are first evident while the ascocarp is sub- 
terranean and about 1 mm. in diameter. They lie in a matted web 
parallel to and a short distance below the palisade layer.® Ascogenous 
hyphae have a breadth twi^ to thrice that of other hyphae. The matted 
web of ascogenous hjrphae sends out upright branches that grow toward 

^ Mplliard, 1904. * Carruthers, 1911, * McCubbin, 1910, 
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the palisade layer, where they branch repeatedly. The tips of these 
latter branches become recurved to form typical croziers in which the 
penultimate binucleate cell develops into the ascus.^ The two nuclei in 
a young ascus unite with each other, and the fusion nucleus divides to 
form eight daughter nuclei. An ascospore is delimited about each 
nucleus, and the eight ascosporcs within a mature ascus lie in a linear 
series (Fig. 263). 

There is an explosive discharge of the ascosporcs when they are 
liberated from an ascus. The period of spore discharge may last for 
several days because all asci do not mature at the same time.® Htlvella 
is one of the ascomycetes in which “puffing^' has been obsorved,^ and 
discharge of ascosporcs is accompanied by a distinctly audible hissing 
sound. 


ORDER 8. EXOASCAI.es 

The Exoascales have asci that lie parallel to one another in a palisade- 
like layer that is without any enclosing peridium. The order contains 
less than a hundred s])ecies, all of them i)arasitic. The present tendency 
is to group all species in the genus Taphrina, instead of n^cognizing two 
or three additional genc'ra, including Exoascus. 

Two of the species, T. deformans (Fcl.) Tul. and T, Pnini (Fcl.) TuL, 
cause serious diseases of orchard trees. Tlie former produces a leaf curl 
of peaches (Fig. 254.4), the latter a malformation of plum fruits. 

Germinating spores of certain species give rise to a mycelium that has 
binucleate cells from the beginning.® Those of certain other species give 
rise to a mycelium of uninucleate cells which become binucleate durijig 
the course of vegetative growth.'^ The mycelium in parenchymatous 
tissues of leaf and stem is intercellular. In some species, as T. deformans j 
it is almost wholly confined to tissues developed in th(' current year; in 
other species, as T, Pruni, it is p(‘reniiial and invades new twigs and 
leaves developed in the spring. There is no formation of asexual spores 
by the mycelium. 

Prior to ascus formation most species develop a compact, parenchy- 
matous, mycelial layer, one cell in thickness, between cuticle anti epidermis 
of the host. According to the species, this layer develops on the- leaf 
or on the fruit. All cells of the layer are binucleate, and in each of them 
the two nuclei fuse as the cell elongates vertically. A few species, 
including T. camea Johans.,® have the cells with fused nuclei developing 
directly into asci. A majority of the species have each of these cells 
dividing into a short stalk cell and a sister cell that develops into the 

^ McCubbin, 1910; Carruthers, 1911. * DeBary, 1887. 

» Efiimiu, 1927; Fitzpatrick, R. E., 1934; Wieben, 1927. 

« Martin, 1921. » Juel, 1921. 
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ascus (Fig 25AB) In T Coryh Nishida the stalk cell and ascus each 
contain a (single daughter nucleus foimed by a heterotypic division of 
the fusion nucleus * The nucleus in the stalk coll degenerates; that in 
the ascus divides and redivides equationally to form eight 'daughter 
nuclei Eight asc ospoies are then formed, and they are surrounded by a 
( ertain amctimt ot einplasm Almost all other species also have asci with 
eight ascospores In ceitain cases the niuleai divisions preceding 
aseosporc foiinaiion have* bien shown® to be rcductional 



Fig 254 A B 1 aphiina dt foi m im (I ol ) L ul 1 in infcc ted pt k h leaf showing the 
chirattenatic malformation B as< i at in lous st iges of dt\<.lopmt nt ( I Johanaonit 
Sadoh asms containing many (oiiidii D G J ijnphylla Sideb stages in the conjuga 
tion of conidia and the foimntion of hvphie G afUi J^icben 1927) (A, X ^2 

B C X 050 ) 

Aseospores may be dischaiged from an ascus without geiminatmg 
(7’ d(fo 7 mans), or they may gcirainxte to form a number ot conicha while 
still withwi the ascus (T Johan^ontt SicUb) Comdium formation 
resembles the budding of yevsts, and the fiist lomdium budded off may 
bud off a succession of conidia (hig 254C) Spores of T deformans 
frequently bud off a senes of conidia immediately if*^( r they are liberated 
from an ascus’ Aseospores of T dijoimmis, oi comdia denved from 
them, lodging on twigs and blanches infect the young leaves as they 
unfold the next sprmg * The hypha produced by a geimmating ascospore 
or conidium grows diioctl 3 fc through the cutide and between epidermal 
cells of the host The single nucleus m the spore divides into two 

* Marvin, 1924 • Juel, 1921 • Maitm, 1925, Mix, 1924 

* Fitzpatnck, It E , 1984 
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daughter nuclei, and they divide conjugately intd pairs of daughter 
nuclei. Transverse wall formation between the pairs of nuclei results 
in a binucleate mycelium. Certain other species also have nuclear 
division in the budding ascospore initiating the binucleate phase of the 
life cycle. ^ 

At least two species of Taphrina arc heterothallic. In these species 
a conjugation tube is formed between a pair of ascospores or conidia, 
and the protoplast of one spore migrates through it into the other spore 
(Fig. 254 ZMj). The binucleate protoplast thus formed then develops 
into a mycelium in which all cells are binucleate. ^ Conjugation may even 
take place between spores of the same ascus since four of them are plus 
and four are minus. 

The systematic position of the Exoascales is a matter of dispute. 
Some* consider them simpler than ascomycctcs with a definite ascocarp. 
If the Exoascales are primitive, they stand at a higher level than the 
Protoascomycetae because the asci are not developed directly from what 
corresponds to gametangia. Others^ consider them reduced from 
ancestors that produced definite aseocarps and presumably one of a 
discomycete type. This interpretation seems the more probable. The 
entire mycelium of Taphrina with its binucleate cells is the equivalent 
of the ascogenous hyphae in a discomycete. 


y ORDER 9. HYPOCREALES 

The Hypocreales have an ascocarp that is a perithecium and one with 
a periderm that is light colored, soft in texture, and distinct from the 
remainder of the mycelium. A pe^hecium may stand above or be 
embedded in the mycelium. The oMer includes more than 60 genera 
ajiid 1,760 species. 

, \ Claviceps is a genus parasitic on ovaries of Gramineae. During the 
"course of development of the fqngusj the ovary is replaced by a dark- 
colored compacted mass of fungus tissue, the sderotium (Fig. 256A). 
The sderotium of Claviceps is called ergot. There arc a dozen or more 
species, the most important of which is C. purpurea (Fries) Tu^ parasitic 
on rye and on several wild grasses. C. purpurea rarely causes an appreci- 
able diminution in the yield of ry(*. On the other hand, a relatively 
small percentage of ergot bodies in the harvested grain produces a serious 
physiological disease, known as ergotism, when the grain is used as food 
by man or domestic animals. Ergotism was fairly common among 
the people of Europe during the Middle Ages, but it has been greatly 


1 Martin, 1936. * Wieben, 1927. * 

‘Schroier, Lindau, and Fischer, 1894<-1897; Onumann and Dodge, 1928; Juel, 
1921. 

^ Bessey, 1935; Gwynne-Vaughan and Barnes, 1927. 
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duxdnished iu recent times on account of the introduction of modem 
methods of milling grain. Jlven today ergotism has not completely 
disappeared, anc[~within the past decade there has been a mild epidemic 
in England and a severe one in Russia among consumers of rye bread.' 
Epidemics of ergotism among animals are chiefly in cattle grazing on 
grasslands badly infected with Clavicep$. ' Ergot is an officially recog- 
nized drug that is used as an abortifacient and to control hemorrhage 
during childbirth, jk’^'he active ingredients in ergot are alkaloids. « 

Infection of the host takes place only at the time of flowering and th# 
region of infection seems to be restricted to the pistil. Hyphal branches 
developing from the spore soon invade 
and destroy the ovule, replacing it 
with a soft mycelial mass of much ^ 
the same shape. The peripheral por- 
tion of the. mycelial mass becomes \ 
greatly c onvol uted and there is a 
development of a palisade-like layer , 
of short conidiophores over the entire 
.surface.* Minute ovoid uninucleate "yh 
conidia are cut off u'^ acropetalous 
succession at the tip of (‘acli comdio- 
phore (Fig. 265). These constitute 
the Sphacelia stage in the life history, t -- ^ " 

so-called because the conidia were Yu. 255 -.Sphaceli ii stage of Cta®icep» 

- , - inirpurta (Fnos) Tul. C X bSO.) 

once considered an imperfect fungus, 

Sphacelia segeturn Ij^v. The conidia acetnnuliite in a sweetish liquid 
exuding from the spikelet. This liquid, “honcydow,” is eaten greedily, 
by vqjious insects, and there may be a certain amount of reinfection as an 
insect travels from flower to flower and plant to plant. The conidia 
remain viable during the winter* so that it is possible for them to infect 
flowers developed the next summer. Eventually the basal region of the 
hyphal mass ceases to produce conidia and develops into a de^ely 
compacted dark-coloretl tissue. This is followed by a progressively 
upward metamorphosis into compact tissue until the whole mycelium has 
been changed into a selerotium that is capped with remnants of the^ 
sphacelial tissue. Mature sclerotia are considerably longer and broader*: 
t-han the normal grains in panicles of the Gramineae. 

Maturation of sclerotia coincides with ripening of the grains m a 
panicle. 'iSome of the sclerotia on a panicle of rye fall to the gfou|id; 
others hecorae intermingjpd with the grain when rye is harv^ted and 
threshed. These may be returned to the same field or to other fields 
when a new crop of rye is sown.' Sclerotia may also be dispersed by 

‘ Dixon, 1932. ’ ’ Tulasne, 1853, • Stager, 1912. 
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other agencies than man.* In certain grasses the sterile portions of an 
infected flower mature into the barbed awns that effect a dupersal of 
normally developed grains of the species^ijSclerotia of mosT^^faSes 
s^ in water. ^ Those of grasses growing in maishira or along the banlm 
of streams are often buoyant in water and thus may be transported some 
distance from the plant on which they developed 

Overwintering sclerotia that have not lost too much moisture produce 
perithecia the next spring! The relation* between water content and 



Fig 266 — Clavtcepe purpurea (Fries) Tul A, panicle of Agropyron repens (L ) Beauv 
with sclerotia of Clamceps B, germinating sclerotium C vertical section of a fruiting 
stroma. D, semidiagrammatic vertical section of a penthecium (A, natural size, B, 
X4. C, XeO.D. X480) 

viability becomes quite evident when sclerotia are brought Into the 
laboratory. Sclerotia placed on moist sand soon after they are brought 
into the laboratory eventually germinate; those kept air-dry imtil spring 
and then placed on moist sand rarely germinate.' lA genqipKtvmjscjbro- 
iium produces a half dozen or more small capitate outgroy^^ borne 'on 
stalks 10 to 20 mm. long (Fig. 266B). The capitate portion (stroma) of 
each outgrowth contains many peritWia (Fig. 256C)4tM Certai n branch ed 
hyphae somewhat below the surface of a stronfe produce &e s ex org ans. 
Them hypl^ae may be distinguished from others on account of 

> Stager, 1922. 
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ncjaer^ protoplasmic content.^ and aaQfiCPni^ produo.ed 

OIL the same hsrpha, each developing from the terminal cell oXa lateral 
branch. Cells developing into sex organs^soon become 
and those developing^ into ascogonia become broader than those dev6lop-l^ 
ing into antheridia^^^An ascogonium develops a small lateral outgro^h " 
that becomes applied to an antheridium. The cell walls dissolve in the 
region of mutual contact, and the n ucle i of the antheridium migrate into 
the ascogonium.^ 4»Asoogenous hyphae then grow from the ascogonium, 
and asci are formed at the tips of ascogenous hyphae bent into topical 
croziers. 

The asci are produced in perithecia so deeply sunken in adjoining 
stromatic tissue that only the opening (the ostiolc) protrudes, ' Each 
ascus contains eight elongate acicular ascospores that lie parallel to one 
another (Fig. 256D). The ascosporcs are forcibly discharged from an 
ascus, but this only takes place when a perithecium is vertically upright. 
At the time of spore discharge the stalk below the fertile head slowly 
twists and turns. As a result, every i>erithocium of the stroma is verti- 
cally upright for a short time.^ Ascospores are ejected with a force 
sufficient to hurl them 20 to 80 mm.® Convection air currents may then 
carry the spores to the flowering head of rye, or the spores may be 
transported somf* distance by winds. 


ORDER 10. SPHAERIALES 

The Sphacriales have an ascocarp that is a perithecium and one in 
which the peridium is dark colored and distinct from the rest of the 
mycelium. A perithecium may stand above or be embedded in the 
mycelium. The order includes some 276 genera and 11,000 species. 

Venturia is a parasitic genus with about 50 species. From the 
economic standpoint, the most important of these is F. inaequalis (Cooke) 
Wint. which causes apple scab (Fig. 257). Both the leaf and the fruit 
of the host may be infected, and, when infection is severe, the yield of 
marketable fruit may be reduced 60 per cent or more. 

The ^rly spring infection of young leaves and blossoms is usually 
by means of ascospores developed on dead leaves of the previous year. 
In regions with a mild climate, as California, infection may be caused 
by overwintering conidia. An ascospore falling on a leaf sends out a 
germ tube that grows directly through the cuticle and then grows between 
the cuticle and epidermis. The hypba soon develops into a radiately 
branched mycelium of uninucleate cells that lies entirely between cuticle 
and epidermis. 4 Within a^hort time the subcuticular mycelium becomes 
a brownish layer more than one cell in thickness, and one in which the 

^ Killian, 1919. * Whetzcl and Reddick, 1911. 

• Falck, 1910. ^Wallace, 1913. 
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uppennost cells develop into conidiophores (Fig. 258^1). Formation of 
conidia at the distal end of the conidiophores is accompanied by a 
rupture of the overlying cuticle. The conidia of the acervulus thus 
exposed become detached from the conidiophores immediately after they 
are formed. Conidiophores produced on the host never show the chains 
of conidia that are sometimes present when the fungus is grown in 
artificial culture.* Conidia scattered to other parts of the tree or to 
other trees germinate to form mycelia that produce further conidia, 
also capable of reinfecting the hu.st, and this asexual reproduction 
continues until abscis.sion of leaves and fruits. For a long time this 
was the only known method of reproduction, and the fungus was placed 
among the Imperfeeti and called P'usiclathum diritnticum (Wallr.) Fcl. 



Fia. 267. — Apples inforted with ViiUiirm tmuquahs (Cooke) Wint. {Photograph by 

G W.K(Ut) 

Eventually there ^\as a demonstration^ that it is tlie eonidial staf^c of a 
pyrenomycete, Venturia, 

Development of the pcritheeial ta^o is i)rec*edcd by a shift from a 
parasitic to a saprophytic mode nutrition and oiu* in which food is 
obtained from tlr decaying Ica^ or fruits of the host. When the 
fungus is paras’ ic, it grows onb ut'tween cuticle and epidermis of the 
host; with death and decay of 3 leaf or fruit, hyphae grow out from 
the subcuticular layer and pen rate the disintegrating underlying host 
tissues. Sex organs arc produ* I on these hyiihao late in the«autumn. 
A development of perithecia r > takes place when the fungus is grown 
ill culture if the temperature a few degrees above the freezing point. ^ 
Venturia differs from most ot er ascomyectes in that the peridiuni of the 
ascocarp begins to develop )efore instead of after fertilization. Peri- 
thecial development begins with a coiling about each other of two uni- 
cellular branches from the same hypha. Cell division in each branch 
soon brings about the formation of a solid spherical mass of cells. With 
further development of this young globose perithecium, there is a differ- 
entiation of a long, coiled, multinueleate ascogonium. The distal end of 

1 Frey, 1924 » Aderliold, 1894. 
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the ascogonium, the trichogyne, protrudes beyond the surrounding sterile 
cells. One or more hyphae arising in the vicinity of a young perithecium 
grow toward the trichogyne, and their apical cells become applied to it. 
The apical cell of such a hypha is an antheridium. It is generally 
bulbous in shape and with more than one nucleus. After a dissolution 
of apposed walls, the nuclei in the antheridium migrate into the trichog 3 nie 
and down to the ascogonium. After this the ascogonium becomes trans- 
versely septate (Fig. 258 B) and most of the cells thus formed are binucle- 



Fig. 268 Venturia tnaiqucUis (Cooke) Wint A ronidia. B, ancoKonium. C, young 
penthccium with ascogcnous hyphae Z>, mature periiliet lum. (A-C, X 660, Z), X 326.) 


ate. Ope or more of the cells formed from the ascogonium now send out 
ascogenous hyphae (Fig. 258C) from the upper side.^ The ascogenous 
hyphae are branched, are transversely septate, and have the tips develop- 
ing into typical croziers in which the binucleate penultimate cell becomes 
an ascus. The fusion nucleus in an ascus divides to form eight daughter 
nuclei, and eight ascospores are delimited in the usual manner. Each 
ascospore forms a single transverse septum before spore discharge. 

Mature perithecia (¥ig. 258D) are flask-shaped and with a dark- 
colored peridium. Maturing perithecia have a disintegration of certain 
cells in the upper portion of the peridium to form an ostiole. In mature 

‘Killian, 1017. 
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perithecia it is encircled by a ring of unicellular bristles. Asci in mature 
perithecia elongate until their tips project through the ostiole. Protru- 
sion of an ascus through the ostiole is followed by an ejection of ascosporcs 
with sufficient force to hurl them to a height of 10 mm.^ Discharge of 
ascospores may continue for a month or more since neither all asci in a 
perithecium nor all perithecia on a dead leaf mature simultaneously. 
The period of spore discharge synchronizes with flowering of the host. 

^ In areas with an early spring, as the Pacific Coast 

‘ I states and Virginia, the ascospores are discharged in 

Sj late Febniary and early March, but in areas where 

‘ 1 spring is late, as Wisconsin and Vermont, most of the 

^ 3 ascospore discharge is in May. In all areas spore 

I 1 discharge is closely correlated with weather conditions, 

and most of it takes place immediately after a rain. 


ORDER 11. DOTHIDIAT.es 

|B wgSS S|L The Dothidiales have an ascocarp that is a peri- 

thecium and one in which the j)eridium is not distinct 
nM rm from the remainder oi the mycelium. The perith('cia 
are embedded in the mycelium. The order includes 
about 130 genera and 1,200 species. 

Plowrightta is a parasitic genus with some 35 species. 
The best-known of these is P. morbom (Schw ) Sacc. 
that produces cons])icuous galls (black knot) on 
branches of cherries and plums (Fig. 250). Infection 
of the host takes place during tlio spring and upon twdgs 
current year^^ growth or upon those not over two 
or three years ol ^ The mycelium does not produce 
spores until the f allowing year. During the first year 
the cambial cells in an infected area of the host divide 
j more rapidly than those in uninfected portions.^ Only 
, I a relatively fee of the cells cut off toward the internal 
M face of the cardiium mature into wood. On the other 
Fig 269 —A there is an increased production of parenchyma 

young branch of a internal to the cambium and opposite wood rays more 
wft? broad (multiseriate rays). The portion 

morbosa (Schw.) of each multiseriate ray formed after infection is 
Sacc. ( X % ) much broader and has the appearance of a com- 

pound ray. At the end of the first growing season the infected 
portion of a branch or twdg is externally recogniilable as a slight swelling. 

When the host resumes growth the next spring, there is a very rapid 
swelling of the diseased area. The overlying bark soon ruptures and 
1 Wallace, 1913. * Stewart, 1914. 
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hyphae growing from the exposed cortex begin to deVielop into a dense 
pseudoparenchymatous tissue. The whole surface of this tissue becomes 
covered with a velvety layer of simple or branched septate filaments. 
These are conidiophores, and at or near the tip of each of them there are 
one or more small ovoid conidia^ (Fig- 260A). Conidia inoculated onto 
other individuals of the host produce typical infections.* The velvety 
layer of conidiophores disappears toward midsummer, and the underlying 
dense mycelial tissue becomes dead black and of a hard, brittle texture. 



Fig. 2^i). -PlowrigMia morhosa (Schw.) Sacc. A, (^onidia. transverse section of 
stroma bearing young perithccia. C, vortical section of a young perithccium in which 
there are sterile paraphysos in the region where asci will be formed. Z), ascus. (A, D, 
X 650; B, X 30; C. X 325.) 

ThiSre is considerable uncertainty as to wliether asexual reproduction 
by conidia is followed by a formation of pycnospores. Three types of 
pycnidia have been found* in the black stroma of P. morhosa, but at least 
one of these belongs to a saprophytic or parasitic fungus growing on the 
stroma. On the other hand, there has been a production of pycnidia in 
cultures of a mycelium derived from the germination of an ascospore.* 

Perithecial development begins shortly before disappearance of fiie co- 
nidiophores, and severaFperithecia are formed in a stroma (Fig. 260B-C). 

* Farlow, 1876; Humphrey, 1891. • Gilbert, 1913. 

• Farlow, 1876. - Humphrey, 1891. 
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The details of peritheeial development have not been described. Mature 
perithecia are obovoid, with a small ostiole, and with a peridium that 
is not distinct from the remainder of the stroma. Asci are developed 
during the following winter.^ They contain eight ascospores, each with 
a single transverse septum (Fig. 260D). Ascospore liberation takes 
place early in the spring, and typical infections have been obtained when 
twigs of the host are inoculated with ascospores. ^ 

ORDER 12. LABOULBENIALES 

The Laboulbonialos are minute ectoparasites on the cutinous integu- 
ments of living insects. All genera have an ascogonium with a 
trichogyne and one in which fertilization is effected by means of sper- 
matia. The mature asci lie within a small perithecium. The order 
includes some 50 genera and 1,250 species. 

Reproductive structures of the Laboulbenialcs bear a closer resem- 
blance to analogous structures of Rliodophyceae than do those of 
any other ascomycete. Because of this, those who think that the 
Ascomyeetae originated among the red algat' consider the Laboulbeniales 
the most primitive of all Ascomyeetae. On tin* other hand, Laboulbeni- 
ales must be ranked among the more advanced ascomycetes if one follows 
those who think that fertilization by means of spermatia was evolved 
after the ascomycetes had become a weil-eslablished series. Their 
relationship to other advanced orders is obscure because of the extensive 
modification of the thallus in connection with adaptation to existence 
upon a motile host that is not injured by presence of the parasite. 

SUgmatomyccs Batri Peyritsch is relatively simple in structure as 
compared with many other Laboulbeniales. It grows upon the European 
house fly {Musca domestica L.). The fungus may be attached to any 
part of the fly, but more commonly it grows on the ba(‘k of the head and 
thorax or upon the anterior pair of legs.’ Infection of the host is only 
by means of ascospores. An ascospore is broadly acicular, transversely 
divided hito two cells, and with a gelatinous envelope that is character- 
istically thickened at one pole (Fig. 261 A). The sticky envelope about 
a spore facilitates adherence when the basal end of a spore becomes 
attached to the host. Shortly after attachment to the host, the lower 

cell cuts off a short dark-colored foot cell (Fig. 261J5). The uppermost 
cell of this three-celled stage eventually develops into the appendage 
bearing the antheridia and subtending parts; the median cell develops 
into the perithecium and subtending parts; the foot cell does not divide 
again and serves as an organ of attachment for the rest of the fungus. 

Development of the antheridial portion begins with a succession of 
oblique divisions of the upper cell.* All daughter cells but the uppermost 

» Farlow, 1876. a Gilbert, 1913. » Thaxter, 1896, 
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then divide in a plane perpendicular to the oblique wall (Fig. 261C-F). 
The upper daughter cell of each pair redivides transversely, and its 
superior daughter cell is metamorphosed into an antheridium (Fig. 
261ff-/). Each anthcridivim is flask-shaped, and, as it matures, there 
is a formation of an apical pore in the neck portion of the flask. The 
protoplast within an antheridium is uninucleate,* and it cuts off a minute 



Fig. 261. — StigmcUomyces Baeri Peyrifcsch. StiiRca in development up to the time of 
ertilization. {Anth., aiithoridium; Ascog.^ ascoi^oiiiuni; Per. /n., poritherial initial; Pr. 
l«c. C., primary ascoRonial cell; Pr. J. C., primary jacket cell; Sperm., spermatium; Tr., 
richogyne.) {After T'haxter, 1896.) 

uninucleate protoplast (the epermatium) that escapes through the pore 
in the antheridial wall. Escape of the spermatium is followed by a 
formation and a discharge of a second one. This may be repeated many 
times. 

The median cell of the three-celled stage does not divide until^the 
antheridia are well along in development.^ It divides by a diagonally 
transverse wall into a small superior cell (that docs not divide) and a 
large inferior cell (Fig. 26 IF). The inferior cell divides transversely 
1 FO'Ullf 1911. * Thaxter, 1896. 
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(Fig. 2616) and its upper daughter cell divides transversely. The two 
lowermost of the three cells formed by division of the inferior cell do 
not divide further; the uppermost one is the perithecial initial from 
which the entire perithecium is developed (Fig. 261H-I). The perithecial 
initial elongates outward from other cells of the young thallus and then 
divides transversely (Fig. 261J). The upper daughter cell produced by 
this division is the primary ascogonial cell; the lower daughter cell is 
the primary jacket cell of the perithecial jacket (peridium). The primary 
ascogonial cell develops into an ascogonium that is four cells long and 
one in which the uppermost coll is a trichogyne. It is very probable 
that nuclear fusion takes place in the lowermost cell of the ascogonium 
after spermatia have lodged on the trichogyne. Meanwhile, the primary 
jacket cell has developed into a perithecial jacket (Fig. 2&IK), Eventu- 
ally this bc(*omes two cells in thickness and several cells in perimeter.^ 
After fertilization, short stout ascogenic cells grow out from the base 
of the ascogonium, and each ascogenic cell giv(‘s rise to wseveral asci. The 
ascogenic cells of Laboulbeniales are liomologous with the ascogenous 
hyphae of other Eiiascomycetae. Nothing is known concerning the 
cytology of ascogenic cells in S. Bacri, but it is known that they are 
binucleate in certain other Jiaboulbeniales.-^ In such Laboulbeniales the 
two nuclei divide conjugately, one pair of daughter nuclei migrating into 
an ascus budded off from the ascogenic cell, the other pair remaining 
in the ascogenic cell. This may be repeated several times. In the 
Laboulbeniales where ascus development has been studied, ^ the two nuclei 
in a young ascus unite with each other, and the fusion nucleus divides and 
redivides to form eight daughter nuclei. According to the genus, there 
is a formation of an ascospore about each nucleus or about four nuclei 
only. S. Bayeri is of the latter type. 
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CHAPTER XIII 
BASIDIOMYCETAE 


The life cycle of a basidiomycete always includes the development 
of a special one- to four-celled stricture — the basidivm, upon which are 
borne a definite number (usually four) of basidiospores. Many members 
of the class produce one or more other types of spore in addition to 
basidiospores. There are more than 460 geneia and 23,000 species of 
basidiomycetes. Fungi referred to the Bahidiomycetee include the 
mushrooms and their allies (the hyraenomycetes), the puffballs and their 
allies (the gasteromycetes), the smuts, and the rusts. 

Vegetative Structure. The mycelium of a basidiomycete is always 
multicellular and freely branched. It may consist of a simple weft of 
hyphae; or, as in mushrooms and puffballs, a majoiity of the hyphae may 
be intorwo\cn into a macroscopic body of definite form in which there 
is a considerable internal differentiation of tissue. 



Fig. 262 . — A f?, conjugation of ba^jidioapores of Ustilago anthearum Wint. C~D, 
conjugation between colls of babidium of Ustilago Carho Tul (A /?, afUr Ilarptr^ 1899, 
C-D, after Rawttschert 1912 ) 

In contrast with Phycomycctae and Ascomycetae, there is never a 
development of sex organs on mycclia of Basidiomyeetae. Despite the 
lack of sex organs, the life cycle of a basidiomycete involves a change 
from a condition where the cells arc uninucleate (the hwplopJme) to one 
where they are binucleate (the diplophasc). The diplophasic condition 
terminates during basidial development, and the basidiospores represent 
a return to a haplophasic condition. On the basis of chromosome num- 
ber, cells of the haplophase are gametophytic, and those of the diplophase 
are sporophytic. Gametophytic and sporophytic portions of the life 
cycle may be segregated in separate mycelia or combined in the same 
mycelium. In the latter case, the first-dev^oped portion of a mycelium 
has uninucleate cells, and the later-developed portion has binucleate 
ones. Diplophasic mycelia or portions of a mycelium generally, although 
not always, have the “clamp connections” described on page 468. 

466 
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Formation and Development of the Diplophase. > The diplophase 
usually originates through an establishment of a tubular connection 
between two uninucleate cells and a migration of two nuclei and some of 
the cytoplasm into the tube The cytoplasm from the two protoplasts 
becomes intermingled, but there is n^ fusion of the two nuclei. Certain 
smuts have this conjugation (Fig 262C-D) at the earliest possible stage, 
that is, between cells of a four-celled basidium.^ Certain other smuts 
may have a conjugation of basidiospores (Pig 262A-B) or of conidia 
produced by them ® In most basidiomycetes other than smuts, conjuga- 
tion takes place alter a basidiospore (or a conidium formed by it) has 
developed into a haplophasic mycelium. Conjugation in hymenomy- 



Fia 2bi Phragmidtum sptciomvu Tries A staii^es in ronjugition of hyphne to 
form binudeite let idiospores A’, \ chuii of acndiospore** {AfUr Chnstman, 1905) 


oetes and gastcromyoetos is generally between vegetative cells of myeclia 
with uninucleate cells Some of these fungi have conjugation between 
cells boine on the same mycelium. In a mucli larger number of cases 
the myceha arc heterothallic, and conjugation takes place only w^hen two 
mycelia grow intermingled with each other (Fig 266.4). Rusts may 
have a delay in establishment of the binucleate condition until after a 
haplophase mycelium has produced spores. This may be effected (Fig. 
263) by two mycelial cells fusing to form a binucleate spore (aecidio- 
spore),® or it majr result from fusion of a uninucloate-spore with a vegeta- 
tive cell of the haplophase mycelium.^ ^ 

The binucleate cell formed by conjugation always has a synchronciis 
division of the two nuclei.^ This is followed by a cell division that dis- 

1 Harper, 1899; Lutman, 1910; Rawitscher, 1912. 

* Harper, 1899; Lutman, 1910. ® Christman, 1905; Blackman, 1904. 

« Andrus, 1931; Allen, 1933. 



468 


AWAE AND FUNGI 


tributes one pair of daughter nuclei to each of the two daughter cells. 
In the case of heterothallic species the two nuclei in each cell are of 
different genetic composition. Division of binucleate cells of the rusts 
(Uredinales) is simple and by means of a transverse wall formed between 
the two pairs of daughter nuclei.^ 

One or more species of all orders but the Uredinales have been shown 
to form “clamp connections” during division of binucleate cells. Here, 
cell division is usually restricted to terminal cells of hyphal branches. 
In tsrpical cases a cell about to divide puts foith a short, lateral, arcuate 
outgrowth that projects downward toward the base of the cell. One 
nucleus migrates into the outgrowth, the other remains in the cell,® after 
which the two nuclei divide simultaneously (Fig 264fi-C). Daughter 






Fig. 2H4 — DiaKram showing the successive stages m formation of a clamp connection in 
a hypha of Cortxcium oanan^ Kniop {Based upon Kmep, 1915 ) 


nuclei of that within the cell come to ho some distance apart, one above 
and the other below the level of the outgiowth. Ont' daughter nucleus 
of that within the outgrowth remains within the outgrowth; the other 
lies within the cell. Two transverse septa are now formed, one across 
the base of the outgrowth, the other across the cell and just below the 
level of the outgrowth (Fig. 264Z>). Th(‘ outgrowth is now a lyiinucleate 
clamp cell. The upper daughter cell foimed by transverse division of the 
original cell is binucleate, the lower daughter cell is uninucleate. Later 
on the lower cell becomes binucleate by fusing with the clamp cell (Fig. 
264i?-F). With repeated division in this manner, there is a development 
of a many-celled mycelium whose diplophasic nature is recognizable on 
account of the numerous clamps. 

Spore Formation by the Diplophase. According to the particular 
genus, there may or may not be a formation of spores that reduplicate 

I Poirault and Raciborski, 1895; Sappm-Trouffy, 1896. 

* Bensaude, 1918; Kmep, 1915, 1917. 
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the diplophase mycelium. Such spores are relatively uncommon among 
the hymenomycetes and gasteromycetes, but they are generally present 
in the rusts. Reduplicating spores of the diplophase may be conidia, 
chlaSydospores, or such special types as the uredospores of rusts. All 
of these various spores are binucleate, and, when they germinate, they 
give rise to a mycelium with binucleate cells. Binucleate cells of the 
diplophase may also produce uninucleate spores. ^ A binucleate cell 
may send out a lateral outgrowth into which a single nucleus migrates. 
This is followed by an endogenous formation of a chain of uninucleate 
spores at the apex of the outgrowth. These spores are usually called oldia, 
but they are really aplanospores. In rare cases there may be a formation 
of these spores at the apex of a clamp cell (Fig. 266B-C). 

The Basidium. Mature diplophasic mycelia of all basidiomycetes 
produce basidia that bear basidiospores. With the production of basidio- 
^ pores there is a return to the haplophasic condition. Basidia are formed 
in two ways. In the smuts and rusts (the Hnnihamdii) there is a forma- 
tion of a special spore that germinates to form the basidium. All other 
basidiomycetes (the Eubasidii) have a direct development of basidia 
from terminal cells of certain hyphae. 

The Eubasidii genhrally have the basidia in a palisade-like layer 
known as the hymenium. The young basidium is always binucleate, and 
it may 2 or may not have evident clamp connections at its base (Fig. 
266A-2)). Ab the basidium increases in size, there is a fusion of the two 
nuclei (Fig. 265JS/). The fusion nucleus divides soon after it is formed, 
and, in all cases where the division has been studied, it has been shown to 
be meiotic. Practically all Eubasidii have the fusion nucleus forming 
four daughter nuclei (Fig. 265F-G), but there are a few cases® where it 
divides into eight. Two orders of the Eubasidii (Agaricales and Lyco- 
pcrdales) have a homogeneous basidium in whi(‘h there is no differentia- 
tion into an early- and a late-developed portioii. These basidia produce 
slender projections (sterigmata) at the distal end. Four-nucleate basidia 
develop two or four stcrigmata; eight-nucleate basidia may produce 
eight of tliem. Each sterigma increases in size at the upper end, and a 
nucleus from the basidium migrates into the enlarging portion. A er psa 
wall is eventually formed at the base of the enlargement, and the cell 
thus Cut off is a basidiospore (Fig. 265//-/). The remaining three ordCerT 
of Eubasidii have the basidia differentiated into a lower first-formed 
portion (the hypobasidiumy and an upper later-formed "portion (the 
e^basidium). Sterigmata are always developed on the epiSa44isd 
portion of these basidia. ^ Basidia with a differentiation into e{^«^^$ind 
hypobasidia may be unseptate (Pig. 278B) or septate. The septation 

^ Brodie, 1936. * Kniep, 1916. 

^ Maire, 1902; Jucl, 1916. * NeuhofT, 1924. 
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may be in the hypobasidial portion and vertical (Fig. 280^1) or in the 
epibasidial portion and trans</^er.se (Fig. 282). Sterigmatajare produced 
terminally on vertically divided banidia and laterally on transversely 
divided ones. *” 

Basidium-producing spores of Hemibasidii are always binucleat^and 
generally thick-walled. With a few^xceptions' there is a fusion of the 
two nuclei and a mciotic division of the fusion nuclei into four (rarely 
eight) daughter nuclei. This may take place before or after'lhe spore 
has germinated to form the basidium. A large majority of the Hemi- 
basidii have the spore sending out a short hypha-Iike cpibasidium that 



becomes transversely di\ ided into four »‘(‘lls, each ol w hich bears one or 
more basidiospores. Formerly, and bcfoie its nature was undei stood, 
the cpibasidium was called a promyeelitim, and the spores borne upon it 
were called conidia. In a few Hemiba.sidn the cpibasidium is not trans- 
versely septate and the basidiospores aie borne terminally. 

The ^sidiospore. Hymenomycetes, smuts, and rusts have an 
explosive abscission of a ba&idiospore from the basidium; one that 
hurls the spore 0.1 to 1.0 mm.® A developing basidiospore always 
forms a small lateral outgrowth (the hiJum) near the region of juncture 
wtli the sterigma. A minute or so before jspore abscission, a small 
droplet of liquid appears upon the hilum. The droplet grows to about 
a fifth the size of the spore and then both spore and droplet suddenly 

* Dodge and Gaiser, 1926. * Bullet, 1909, 1924. 



BASWIOHYCETAB 


471 


shoot off from the sterlgma (Fig. 265/). The mechanism of this abrupt 
abscissim is unknown. Basidiospores on a four-spored basidium are 
discharged in a r eg ular succc^on and not simultaneously. The interval 
between discharge of the ^t and second spo^^maj^e a minute or moiu; 
that between discharge of the second and.third,. or the third ^4 
spSfes'ihay be somewhat longer.* There is also a succes sive ripening of 
basidia on hymenia of hyihenomycetes. Thus, the period of spore 



Fio. 266. — A, diagram showing formation of diplophasic cells by the conjugation of 
haplophase mycelia. diagram showing the formation of haplophase oldia (aplano- 
spores) by a diplophaso mycelium. {Baaed upon Brodie^ 1936.) 


discharge continues for some time, and, according to the particular 
species, this may last for hours, days, or even weeks. The number of 
spores discharged is tremendous, and it has been estimated* that large, 
ffuiting bodies of certain hymenomycetes shed spores at the rate of a 
jmiUon a minute for 60 hours or more. 

The Haplophase^ Basidiospores, or the cells of a four-celledba^ 
imjijbre the first cell generation of the haglo^j^e^ as already noll^i 
fee may immediate^ colligate tb*forin the' diplophase. GenetaUy» 
however, a j^Mdiospore gives rise (d a mahy.^elled ha^pb^c mycelium. 

spnBut 


The fostoiormed poriioh of sucli a mycelium hiay be : 
iBuller, 1924i' ’BuUer, 1909. ’Levine, 1913; Bens 
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this soon forms transverse septa that divide into uninucleate cells. 
Development of a haplophase myceliupa may cease with a precocious 
conjugation,^ or mycelial development may be quite extensive before 
conjugation takes place (Fig. 266.4). In many hetcrothallic species the 
mycelium is capable of unlimited growth in case it docs not come in 
contact with a mycelium of the opposite sex. A production of the 
diplophase from the h^plophase is not obligatory in the life cycle of all 
basidiomycetes since there may be a reproduction by spores that redupli- 
cate the haplophase. Sometimes these spores are x^onidial in nature; 
more often they are the type of aplanosporcs usually called oidia (Fig. 
266A). 

Origin of the Basidiomycetes. At one time opinion was divided as 
to whether the basidiomycetac were derived from the Phycomycetae or 



B* B* B^ B® B® B^ B* B^® 

Fiq. 267. — Diagram showing similarities m developnicnf of an ascus and a 

basidium Homologous stages in the two ho vertical to oach other. iModifitd 

from G&umann and Dodge, 1928.) 

from the Ascomycetae. Practically every mycologist discus-sing the 
question during the past two decades argues for a phylogenetic relation- 
ship between the ascomycetes and basidiomycetes. The major factor 
faHucing this swing to the ascomycetan hypothesis was the suggestion* 
that b^^Qpiycete|m hyphae with clamp connections are homologous 
* Bensaude, 1918. * Eniep, 1915. 
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with ascogenous hyphae and that there are homologies in early develop- 
ment of asci and basidia (Fig. 267). According to this interpretation^ the 
apparently terminal binucleate cell developing into a basidium is really 
a penultimate cell that lies posterior to a terminal uninucleate cell. Its 
two nuclei, similar to those in the homologous cell of an ascogenous hypha, 
unite with each other to form a fusion nucleus that divides meiotically. 
Thus, the only fundamental change in evolution of an ascus into a basid- 
ium has been a change from an endogenous to an expgengu^ ^method of 
spore formation. If thF'BasTdiomycetae have arisen from the Ascomy- 
cetae, it is obvious that they must have come from the Euascomycetae 
rather than the Protoascomycetae. However, nobody has hazarded a 
guess as to which particular Euascomycetae are the ancestral forms. 

Evolution within the Basidiomycetes. There is a general agreement 
that the tremelloid basidiomycetes (Auriculariales and Tremellales) 
bridge the gap between the hymenomycetes and the smuts and rusts. 
On the other hand, there is marked disagreement as to how the evolu- 
tionary series should be read. According to one interpretation^ the 
evolutionary sequence has been from the smuts and rusts to the tremelloid 
forms, and from them to the hymenomycetes and gasteromycetes. 
Another interpretation^ holds that evolution has been in the reverse 
direction and that the most primitive of the basidiomycetes are to be 
found among the hymenomycetes. The relative merit of these two 
diametrically opposed views rests upon the nature of the basidium. If, 
as appears to be the case, it is a modified ascus, it follows that Basidio- 
mycctae with an unseptate basidium (hymenomycetes and gasteromy- 
cetes) are more primitive than those with a septate one. 

Classification of Basidiomycetes. Basidia develop in the two ways 
that have been described (page 470). This is a character of fundamental 
importance and the one of greatest significance in diviiling the Basidio- 
mycetae into the following two subclasses: 

Eubasidh in which there is a direct development of a basidium from a 
vegetative cell. 

Hemibastdii in which the mycelium forms a spore that germinates 
to form ttc basidium. 


SUBCLASS 1. EUBASIDH 

AjI of the Eubasidii have a direct development of basidia from vegeta- 
tive cells of the diplophase mycelium. In almost all cases the diplophase 
mycelium grows into a macroscopic fruiting body of definite form in whicAi 
the basidia are in a contiiyious or a discontinuous layer, the hymenium. 
Hymenia of mature fruiting bodies may be freely exposed or permanently 

^ Kniep, 1915. * Dietel, 1928; Qwyxme-Vaughan and Bames, 

^ Kniep, 1928; Gaumann and Dodge, 1928. 
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surrounded by sterile tissue. The subclass contains some 335 genera and 
17,000 species. Less than 10 per cent of the genera are parasitic or have 
parasitic species; all others are saprophytic. ' 

There is no universal agreement as to the number of orders that 
should be recognized among the Eubasidii. However, all system^ of 
classification take into account both the ba&idia and the structure 
of the fruiting body upon which they are borne. On the basis of these 
two characters the Eubasidii may be divided into five orders. 

N-^RDER 1. AGARICALES (HYMENOMYCETAE) 

l) The Agaricales have basidia that arc freely expo sed from the begin- 
■^ng or Gecomo^ exposed before they produce spores. -^^he basidia are 
\uns|^tftte, are 'club-shaped, and lie in a^continuous or discontinuous 
layer one cell in thickness. They generally bear two or four ba ^idi o- 
, spores, but they may bear up to eight of them. A few genera Jiavc an 
Nunorphops^ ^allus, but most of them have a fruiting body of defin ite 
macroscopic -form. The order includes some 175 genera and 16,000 
species. All but a very few of the species are saprophytic. 

— The Agaricales are divided into seven families^ differing from one 
another in organization of the fertile layer. In two families there is 
no fruiting body. Two of the five families with a definite fruiting body 
have a smooth hymenial surface that is restricted to one surface of the 
i’ fruiting body or, as in the coral fungi, covers all sides of it. The three 
families in which the hymenium is not smooth may have it .spread over 
radiate plates as in the gill fungi (mushrooms), spread o\er conical pio- 

tuberances as in the spine fungi, or lining small pores as in the bracket 

fungi. 

Exohasidium is one the few parasitic genera of the order. It is 
also one of the genera in which there is not a definite fruiting body. It 
, is uncertain whether this simple plant body should be interpreted as 
primitive or as one in which there has been a reduction from a definitely 
organized fruiting body. The genus includes about 20 species. One of 
them causes a gall disease bf cranberries and huckleberries; ‘another 
causes a leaf blister of tea. E. Vaednii (Fckl.) Wor.^ the species para- 
Mtic on cranberries, infects both leaves and twigs. The host cells in an 
infected area divide repeatedly and mature into a solid parenchymatous 
tissue of uniform texture.^ An infected area is externally recognizable 
butb on account of its gall-like appearance and on account of its red color. 
The mycelium of E. Vaednii is intercellular and composed of many very 
narrow hyphac. Most of them lie between Sbbepidcrmal cells of the 
host but some penetoate deeper. A mycelium may produce euaidia- 

^ Killermann^ 1928. ’ ^ Pellueti 1928; Ef timiu au4 
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They may be borne on hyphae that project beyondjthe epidermis of the 
host or upon hyphae that lie intermingled with the basidia.^ 

^asidia develop on erect unicellular hyphal branches^ growing up. 
between and extending beyond the epidermal cells of the host (Fig. 268). 
The basidia become club-shaped and several times broader than a hyphal 
branch. A young basidium is binucleate. During further development 
there is the usual fusion of the two nuclei and a subsequent division 
of the fusion nucleus. ^ The fact that a basidium may produce up to 
seven basidiospores shows that the fusion nucleus may form eight 
daughter nuclei. Basidiospores are developed upon terminal sterigmata 
in the usual manner ^ Unlike most other Agancales, the basidiospores 
are elongate, and they may form one or two transverse septa before or 




Fia 26S — Exobasidium sp A, fruiting mycelium and host eells B-C^ stages m develop- 
ment of a basidium (A, X 430» X 650 ) 




after abscission. Germinating two- or three-celled basidiospores may 
bud off a comdium fiom eac h ( ell, and each t omdium may bud off further 
conidia in a yeast-hke manner 

Psalliota cam£estns (L) Fries b4^«nr«s campesin’i L], the common 
“field musliioom,” is representative of those Agaricales in which the 
fruiting body is highly developed and has the IKaS^ a home on gilb 
(FIg.1269). It is the one species that is cultivated fo£t.the 4 aaxket. P. 

• campt^it/ts has a subterranean mycelium in which the^diyphal branches’ 
r adiate^ from ajiemmon center and produce fruiting bodies towa{ct*^jl|||l| 
periphery. A fru iting body (the mushroom) begins to develop und^ 
ground, but it eventually grows up through the soil to a height 
9 cm! Subterranean mycelia of P. campestns ate**p erenn ial aftd ; 
in^ameter from year to year. { Cent rifugal extcnsirardllhe m i 
is accompanied by a^eath of old hyphae in the central portioA. 
wh^ conditions Sre favorable in lawns and pastures, the f natin g 

..iModiSttiji^^cia'ring above ground lie in a ring Such Sf mushrooms 
> iRioharih, 180B. * |Ktiiniu and Kharbnsh, 1928; 
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are often called “fai ry rings .” a name based on the ancient belief that 
these circular growths marked the path of dancing fairies. Perfect 
fairy rings of Psattiota are usually less than 5 meters in diameter, but 
perfect rings more than 50 meters in diameter have been found. ‘ Imper- 
fect rings of certain other Agaricales may attain a diameter of more than 
400 meters. 

^ One of th fi Bfrryil"" of P. campestris cultivated by mushroom mowers 
\ is homothallic.^ The basidiospore of the cultivated mushroom i»^ulti- 
f nucleate"* When it germinates, it sends forth a hypha that soon becomes 
branched and transversely septate.* It is very probable that the cells, 
f^vre multinucleate, but this lias not been demonstrated. Conjugation 
takes place early in mycelial development,* and the union may be between 



Fig. 269 — Psalhota campeatna (L ) Fries A, nearly mature fruiting body mature 

fruiting body. ( X * j ) 

cells that lie side by aide or end to end. L^r-developed hyphae are 
at}^cal for" Eubsi^id^ in that their cells a*^ multinucleate instead of 
biaucleate.® ThUfl^nocytic nature of the cells is the probable reason 
for the failure® to fin’d clamp connections in the cultivated mushroom. 
Hyphae of a centrifugally developing mycelium may lie free from one 
' {i^th^* or lie in small rope-like strands (rhtzomorphi). Certain of the 
‘ii3rphae in a rhizomorph are of much largeraiametcr than others, and it 
has been shown* that the larger hyphae are produced by a lateral fusion 
pf smaller ones. . ^ 

Fruiting bodies are formed in the rhizomorphie portion of a mycelium. 
Many prin^ordin of fruiting bodies are differentiated upon the rhizo- 
I morphs, but only a small percentage of them develop to maturity.^ A 
young primordium is a broadly ovoid solid mass*of interwoven hyphae in 
.which those at the periphery are less densely^compacted than those at 

* Shants and Piemeisel, 1917. * Lambert, 1929. > Saas, 1929. 

* Hein, 1930. * Hirmer, 1920; Sass, 1929. 

* Hein, 1930; Hirmer, 1920; Saes, 1929. ’ Hein, unOA. 
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the interior. At the time ^vhen a young mushroom, is about 1 mm. in 
height, there ia & differeutiatioA of a transverse internal ring of parallel 
vertical hyphae — ^the hymemal pnmordtum (Fig. 270A-B). The portion 
of the fruiting body above the hymenial primordium eventually develops 
into the ca]j^ t ^leua) of the mature mushroom; that below it develops 
into the stals and base. The Iowct face of the hymenial primori- 

dium soon pulls away from the immediately underlying hyphae to lorm 
a transverse internal annular cavity, the prelamettar chamber.^ Then 
the lower face of the hymenial primordium becomes concave and differ- 



Fio 270 —Psalhota camp* stria (L) Fries Stages m dcvelopmoiit of fruiting bodies 
A-B, befort appeirantc of prel inicllar chamber C, after appeiniicc of pic lamellar 
chamber D G vertu il and transverse section of two fruiting bodies with developing 
lamellae ( X .5 ) (/ a?n , I imell le Pil pileus, Pr , prcl imcllar chamber, A rhiso- 

morph, , stipe, Vel , velum ) 

entiated into many alter natc radial bands of slow- and fast-dividing 
cells Each radial band of fast-dividing colL is a gill primordium, and 
it soon dcvelojis into a young gill {lamella) that projects downward into 
the prelamollar chamber (Fig. 270C). The diametjerpf apflcjigTncre'ases,^ 
greatly after the lamellae begin to develop. As a result, there is a con- 
stant broadening ‘of Tlie outer portion of the radial interspaces between 
the lamellae. Additional gill primordia develop in the broadening 
interspace between two primary gills, but these secondary gills neyiQir' 
have a radial length equal to that of the primary ones The formatton 

of secondary gills may be due to a Y-bke splitting of a primary ^ 
(Fig. 271A), or to a downward growth of tissue from the roof of the 
prelamellar cavity. A yoifbg fruiting body is about 1 cm. tall and with 
a breadth slightly less than the height at the time the secondary ^lls 
>Hein, IQSOA. 
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begin to appear. Further growth may be very rapid since it is largely 
an elongation of cells of this “bijl^t^ Stage.” Thus the sudden appear- 
ance of mushrooms in a meadow mler a^rain is due to cellular enlarge- 
ment ratherlhan to a formation of new cells. Mushrooms at the " button 
stage” of development have the edge of the pileus joined to the stipe 
by a thin sheet of tissue, the veil or ^p cl y . Enlargement of the pileus 
ruptures the* velum, but a'niig-^lce remnant of it, the annulus, re&aahs 
attached to the upper part of the stipe (Fig. 269B). An expanded pileus 
hius the Imga^Uae on its lower face, and they radiate from the stipe to the 


















Fig. 271. — PEolliota campestrU (L ) Fries A, enlarged portion of lamellar region of Fig. 
2700. B, aemidiagrammatic transverse section of a young lamella (A, X 21, B, X 650.) 

pileal margin. Mature pilci of P. campestris bear between 300 and 600 
gills.‘“ 

'"As seen in transverse section (Fig. 271B), a young lamella consists 
of three tissue^ i a superficial palisade-like layer of basidiaf beneath this 
a ra^,ym^al tissue of isodiametric celli^jTfuid internal to t^ r^gjon 
of elongate cells, the trama, so Oriented that their long axes lie at right 
the palisade layer. The apparently parenchymatous siib- 
nymemal layer is really a series of vertical h}rphar^ranches from the 
TOyn a and one m which the tcrmip^l cell of each branch is a basidium. 
'tho tramal and innermost subhymenial cells are multinueleate; the out^r- 
JfffSSi spbhymenial cells'and the bam^a are binucleate.* The btuddial 
is frequently described as consisting of and 

|^i|e iflls (paraphyses). In reaDty the sp-calTed parapE^sVgir e uj^nxa;, . 
I&e bwadjus that have not ^et formed spores.' ' — 

, 1 BuUer, 1922. •Colson, 1085; Hireier, 1920; Si^ 1929, t4(^- 
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'* Baai did developmen t (Fig. 272) is in the in|mner typical of the 
Agancalea. A y oung basidium is binucleate, and the tYto unite 
witE each other loTonn o-f^on nucleus that divides niiieioticaUy into 
four daughter nuclei.* Sterigmata appear after nuclear division is 
completed; two on basidia of the cultivated form of F. catnpeslrie and 
twdT or four on the wild forms. The form with two sterigmata has two 
nuclei migrating into each sterigma* and then spore formation in the 
'usual manner. The nuclei in basidiospores from both two- and four- 
spored basidia undergo at least one division before the spore is discharged 
from the basidium. 

Basidiospore abscission from both bisporous and quadrisporous 
basidia is immediately preceded by the accumulation of a droplet of 



Fiq. 272 — Stages in development of basidia of Psalhota eampeatne (L ) Fries {After 

Colaon, 1936) (X 2.260) 


liquid op the hilum-* The forcible ejection of the basidiospore is so 
nicely balanced that the spore is hurled beyond the hymenial surface 
but not across the interlamellar cavity and against *tbe next lamella. 
After being shot out hoiizoutally into the interlamellar chambe'f, the 
spore falls vertically downward. The trajectory of a basid iospo re is 
unique among those of horizontally discharged projectii^~Tlie* {ra- 
jectories of other projectiles are paraboloid curves; that of a basidiospore 
makes a right-angled downward turn.* Spore discharge from lamellae 
of PsaJhoUi is continuous and may last more than five days. It has b4l|b 
estimated* that a pileus of average size discharges more than ten bU~" 
spores. 

ORDER 2. LYCOPERDALES (GASTEROMYCETAE) ’ 

The Lycoperdales ha'ro unseptate basidia which produce bad^^ospores 
at the distal end. The basidia may remain permanently en^osed within 
1929; Maiferi902. * Colson, 1935; Sass, 1929. 

* BuUer, 1922. * BuUer, 1909. 
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sterile tissues of a fruiting body, or the external sterile tissue may rupture 
and expose the basidia after they have formed spores. The order 
includes the puffballs, the false truffles, the earth stars, the bird's-newst 
fungi, and the stinkhorn fungi. There are about 120 genera and some 
1,100 species, all saprophytic. These are divided into eleven families. 

All members of the order are saprophytic. The mycelia of many 
species grows in the soil, but those of certain species grow in decaying 
wood. Terrestrial species may develop their fruiting bodies above or 
below the surface of the soil. Basidiospores of some aerial Lycoperdales 
are dispersed by wind; those of other aerial, and oi all subterranean, 
fruiting bodies are dispersed by animals that feed upon them, the spores 
passing undigested through the alimentary tract 
of the animal. These animals include various 
insects, slugs, and rodemts Animals feeding upon 
gasteromycetes sire generally attracted to them 
by the strong odor emitted by the fruiting body. 

The complete life history is known for only 
a few species. In the cases where this has been 
followed fiom the beginning, it has been shown 
that the basidiospore may germinate into a hap- 
lophasie mycelium with uninucleate cells, ^ or into 
a mycelium that is diplophasic from the beginn- 

I^G. 273 —Lycoperdon ing.^ Hyphae of fruiting bodies of many species 
(NaturaraTzo ) are known to be composed of binucleate C(dls, and 

in many cases there are evident clamp connec- 

tions. In all cytologically investigated cases basidial development 

includes a fusion of two nuclei and a rediictional division of the fusion 
nucleus.® 

All of the species of Lycoperdon arc puffballs. The fruiting body (the 
'‘puffball'^) is globose to pyriform accordingly as the sterile basal portion 
is or is not elongated into a definite stalk (Fig. 273). Fruiting bodies of 
Lycoperdon are rarely more than 8 cm. in diameter but those of other 
puffballs may be much larger A spc'cies of a genus closely related to 
Lycoperdon has a fruiting body that frequently attains a diameter of 
60 cm. In one exceptional case^ a specimen 160 cm. in diameter was 
found. 

Basidiospores of Lycoperdon usually germinate only after they have 
been alternately moistened and dried for several times.® When the spore 
germinates (Fig. 274E), it gives rise to a haplophasic mycelium with 
short uninucleate cells.® Older portions of a mycelium bearing fruiting 

» Swartz, 1929; Lorenz, 1933. * Pillay, 1923; Walker, 1927. 

* Lorenz, 1933; Walker, 1927; Lander, 1933^4, 1034; Maire, 1902; Fried, 1911. 

« Bessey, C. £., 1834. > Swartz, 1929. 
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bodies are composed of binucleate cells/ but the method of origin of 
this diplophasic condition is unknown. Hyphae of the diplophase lie 
in a branching system of rhizomorphs. Rhizomorphs of Lycoperdon are 
more complex than those of Psalliota and are composed of three concentric 
tissues:* an outer cortex of loose hyphae, a subcortical layer of compact 
hyphae, and a central core of parallel hyphae. 

Primordia of fruiting bodies arise either laterally or terminally on a 
rhizomorph and by an outgrowth of hyphae from the central core.*. 
Young primordia about 0.6 mm. in diameter are homogeneous in structure 
and composed of tightly interwoven hyphae. Those slightly larger show 
a be^ning of differentiation into what eventually becomes the outer 
sterile region (peridium) and the inner fertile region (gUtba). Differentia- 
tion of the peridium begins with an outgrowth of a compact palisade-like 
layer of hyphae over the entire surface of the primordium. The outer 
portion of this layer, the exoperidium, soon becomes pseudoparenchy- 
matous; the inner portion, the endo peridium, remains palisade-like.* 
The exoperidium develops numerous radial cracks as a fruiting body 
increases in diameter, and eventually most of the exoperidium may flake 
away. At the time of formation of exo- and endoperidium, the interior 
region (the embryonic i^eba) of a young puffball is a homogeneous mass 
of interlaced hjrphae. Here and there in this tissue are small regions 
where the hyphae begin to pull away from one another to form cavities 
containing very loosely interwoven hyphae with many broken ends.’ 
Many newly formed hyphal branches grow toward the cavity and they 
become arranged in a palisade-like layer encircling it (Fig. 274R). As 
the puffball increases in size, there is a continuous formation of new 
cavities (Fig. 274A). The first-developed cavities increase greatly in size 
and become elongated and irregularly lobed (Fig. 274C-D). They 
eventually develop basidia from the enclosing palisade layer. Later- 
developed cavities remain small, spherical in shape, and sterile.* 

Basidia developing from the palisade layer of fertile cavities are short 
and plump. They have the usual fusion of two nuclei and a reduction 
division of the fusion nucleus into four daughter nuclei. * Four sterigmata 
and spofes are usually formed on a basidium, but sometimes there are 
only two or three.® Basidiospores of Lycoperdon are globose and with 
the spore wall variously ornamented. 

A mature puffball has a dry and leathery sterile jacket, the endo- 
peridium, in which there is a small circular opening at the sununit. At 
this time the gleba consists of a powdery mass of spores intermingled 
with Yorious sterile tissues (hyphae, walls of sterile cavities, and walls of 

* Lander, 1033. * Lander, 1933; Swartz, 1933. 

* Cunningham, 1926; Lander, 1933. * Lander, 1933; Rehsteiner, 1892. 

* Maire, 1902. * Coker and Couch, 1928. 
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Flo. 274:,— Lycoperdon pemmaJtum Batsch. A, vertical section of a young fnaiting body. 
, Oi a very young glebal cavity before the formation of basidia, C, global cavity at the 
beginning of basidioepore formation. D, old global cavify, E, germination of basidio- 
4PQreB. (£f. after SwaHz, 1929.) (A, X 21; B-Z>, X 060; E, X 1,000.) 
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fertile cavities) that jointly constitute the capillUtum, When a ripe 
puffball is indented by some external force, the peridial wall acts as a 
bellows that blows out a cloud of spores. In most cases this pressure is 
due to strong winds, but it may be due to animals touching the puffball. 

HKyphallus (Fig. 275^), one of the stinkhorns, is representative 
of the Lycoperdalcs in which basidiospores of a mature fruiting body are 
freely exposed. Ithyphallus generally- grows in soil containing rotten 



Fig. 275. — IthyphalluH impudwans (L.) Fries. A, surface view of a mature fruiting 
body. B-(J, vertical sections of “cgss” at sucoessive stages of development, /f, longi- 
tudinal section of a mature fruiting body. (X 3^.) (C'o^., columella; 67., gleba; /. Vcl,^ 

inner volva; O. VoL, outer volva; Pi7., pileus; Sl„ stipe.) 

wood. Habitats of this fungus include old woodpiles, rotting trash 
piles, and sawdust piles around lumber mills. A mycelium generally 
bears several fruiting' bodies. Anyone who has encountered I. impudi- 
cans (L.) Fries growing in abundance has cause to remember the incident 
because of the indescribable stench emanating from the fruiting bodies. 

Notliing is known concerning spore germination nor as to whether or 
not there is a haplophase mycelium of uninucleate cells. The mature 
mycelium of I. impudicans is subterranean and organized into smoo^, 
string-like rliizomorphs. ^Sometimes a rhizomorph develops into' an 
irregularly shapcnl sclerotium.* A rhizomorph has a compact central 
core of more or less parallel hyphac surrounded by a cortical sheath of 
* Overholts, 1925. 
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loosely interwoven and irregularly branched hyphae. Clamp con- 
nections are evident here and there in the cortical sheath. 

Primordia of fruiting bodies generally develop at the tips of rhizo- 
morphs, and the diameter of a primordium soon increases to several times 
that of the rhizomorph. The only evident internal differentiation is 
an axial strand that is, a continuation of the central core of the rhizo- 
morph. As development continues, there is an appearance of a thick, 
dome-shaped region of very loosely interwoven hyphae that lie toward 
the distal end and inward from the surface. There ’s soon a secretion 
of a dense gelatinous sub.stance that fills all interspaces between the 
hyphae of this region. By the time a primordium has attained a diameter 
of 2 mm., the gelatinous region has become a very conspicuous dome 
which overlies a small columella (Fig. 27 5B). The tissue external to the 



gleba. Bt ba&idium {A, X 00, B, X 1.300 ) 

gelatinous region develops into the outer sterile envelope {outer volva) 
that is ruptured as the fruiting body elongates. The portion of the 
columella immediately next the gelatinous zone develops into a sterile 
sheath (the inner volva) that is also ruptured as the fruiting body elongates 
(Fig. 275G-H). The remainder of the columella develops into the pileus 
and stipe of the mature fruiting body. The fertile portion of the fruiting 
body, the gleba, is developed on the external portion of the pileus just 
within the inner volva (Fig. 275C-F?). As in Lycoperdon,^ there are 
numerous fertile cavities within a developing ^leba (Fig. 276A). The 
tissues just within the gleba develop into the sterile portion of the pileus, 
and the innermost tissues of the young columella develop into the hollow 

’'Fischer, 1891, 1893; Atkinson, 1911. 
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stipe of a mature stiiikhorn. The mature pileus and stipe are free from 
each other except at the^ apex. 

Basidial development has not been followed in detail, but it has 
been shown’^ that the young basidia arc binucleate and that somewhat 
older ones are uninucleate. Mature basidia are club-shai)ed and with 
eight spores at the distal end (Fig. 276-B). Basidiospores of a nearly 
mature fruiting body lie in a sticky viscous matrix resulting from disinte- 
gration of the basidia and the sterile global tissues. 

The fruiting bodies remain underground until after the basidio- 
spores arc mature. They are ovoki and up to 4.5 by 6 cm. Unopened 
fruiting bodies are often called ^‘eggs,'' and they may remain in the 
unopened ‘‘egg’’ stag<i for a considerable time (Fig. 2750). At any time 
when conditions are fav’^orable, there is an elongation of the stipe that 
pushes the pileus through both tne inner and outer volva (Fig. 275^1, H). 
Eggs often open a few liours after they have been removed from the 
ground, and the stipe pushing through the volvae elongates at a rate of 
2 cm. or more an hour. Fully elongated stipes are 7.5 to 15 cm. tall 
and with a xnlcus ui) to 4.5 cm. in length. Insects are the major agency 
in spore disjiersal. "Jl^lie viscous matrix containing the basidiospores 
is sweedish in tastc' and is eaten by carrion flies attracted by the strong 
smell of the fruiting body. Spore dispersal may also be duo to rains 
washing basidiospores from the pileus. 


ORDER 3. DACRYOMYCETALES 

TVie Dacryomycetales have liasidia in which the distal (uid of the 
liypobasidium bears two duergent epibasidia. Thejse Y-shaped basidia 
are not overlain by sterile tissue at any stage of development. I'he 
fruiting bodies are minute, arc gelatinous 
to waxy in texture, and have a definite 
or indefinite form. The order contains 
7 genera and less than 100 species. All 
genera are saprophytic on dead w^ood. 

Dacrifomyces is a rather Avidely dis- 
tributed genus, but its fruiting bodies 
arc apt to be overlooked because they 
are rarely more than 2 to 3 mm. in 
diameter. Dacryomyces often grows on 
old boards in gardens. The fruiting bodies are generally yellowish to a 
deep orange. They are hemispherical to subspherical and with or with- 
out a very short stalk^(Fig. 277). In diy weather they are greatly 
shrunken and very difficult to find; after a rain they imbibe water and 
regain their former size and color. 

^ Maire, 1902. 



Fig. 277 . — Dacryomyces aurarUiita 

(Schw.) Fallow. (Natural size.) 
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A basidiospore is uninucleate and unicellular when discharged from 
a basidium/ but it soon becomes transversely* divided into several 
uninucleate cells, each of which may give rise to a mycelium (Fig. 
278C-E). Sometimes each cell of a basidiospore buds off several conidia.* 
The mycelium developing from a cell of a basidiospore is haplophasic and 
with relatively short uninucleate cells (Fig. 278F). H 3 ^hae of the 



Fig. 278. — A-B, Daeryomyeea ddigiiescens (Bull ) Du by At diagrammatic vertical 
section of a portion of a thallus pioducing oldia diagrammatic vortical section of a 
portion of hymenium with basidia at various stages of development C-F, Dacfyamycea 
sp C-F, germination of spores. F, portion of a haplopha&o mycelium. (A-B, X 976; 
C-F, X 1,300.) 

fruiting body are composed of binucleate cells, but the stage of develop- 
ment at which there is conjugation to form the diplophasc has not 
been determined.* Mycelia growing in artificial culture may produce 
numerous conidia.^ 

Growth of the fruiting body of D. deliqueaocna (Bull.) Duby is at 
a very slow rate, and basidia are not developed until the third year.* A 
developing fruiting body of Dacryomycea consists of a densely interwoven 
* Gilbert. 1011, 1021. * Brefeld, 1888. 
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mass of branched diplophasic hyphae in which the hyphal interspaces " 
are filled with a gelatinous substance. Hyphal branches at the surface 
of a developing fruiting body lie in a palisade-liko layer. During the 
second, and possibly the first, year there is a formation of oidia at the 
periphery of the fruiting body. Fruititig bodies of D. deliquescens pro- 
ducing oidia are orange colored; those producing basidia are yellowish.^ 
Oidia (Fig. 278 A) are developed on relatively stout hyphae that divide 
transversely into a number of binucleate oidia, each with a length about 
double the breadth.^ 

The basidia arise in a palisade-like tissue, often called the hymenium, 
at the periphery of the fruiting body. The hymenium is often described 
as consisting of fertile cells (basidia) and sterile ones (paraphyses). 
However, there is good reason for believing that the so-called paraphyses 
are immature basidia. A very young basidium is binucleate, and, during 
its further development, there is a union of the two nuclei and a reduc- 
tional division of the fusion nucleus into four daughter nuclei (Fig. 
278S). During these divisions, or sliortly aftiTward, the two divergent 
projections (epibasidia) grow out from the basidial apex.® Each epi- 
basidium develops a small apical sterignia after it has grown through the 
gelatinous matrix of the fruiting body. A single nucleus migrates 
into the basidiospore developing on each sterigma. The other two nuclei 
remain in the hypobasidium^ or in the two epibasidia. ® The time between 
beginning of the spore enlargement at the sterigmatal apex and abscission 
of the basidiospore is about 50 minutes.® There is the usual forcible 
ejection of a basidiospore shortly after a dro])let of liciuid has accumulated 
on the hilum. Basidiospores of D, deUquesrens arc shot 0 5 to 0.65 mm. 
outward from the sterigniata.® 

ORDER 4. TREMELLALES 

The Tremellales have a basidium in wdiich the first-developed portion 
(hypobasidiuin) becomes vertically divided into two, three, or four cells, 
each of which develops an epibasidium at the distal end. The basidial 
layer may or may not lie beneath a layer of sterile tissue before basidio- 
spores are rformed. The fruiting body is generally gelatinous in texture 
and more or less indefinite in shape. The onler includes about 18 genera 
and 85 species. Two or three species are parasites, the remainder are 
saprophytes. 

A germinating basidiospore becomes transversely divided into two 
or more uninucleate cells, each of which may give rise to a myceliuxp 
that may produce conidia. Presumably,' the mycelium is composed of 
uninucleate cells, but this has only been definitely established for two 

» Brefeld, 1888; Tulasne, 1853. * Dangeard, 1895. 

* Juel, 1898; Dangeard,' 1895; Gilbert, 1921; Istvdnffi, 1895. 

♦ Gilbert, 1921^ * Istvdnffi, 1896; Jiiel, 1898. « Buller, 1922. 
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genera.^ Hyphae of the fruiihig body arc generally binucleato and with 
numerous anastomoses.^ One species of a genus may have clamp 
connections; another species of the same genus may lack them.® 

Tremella is a genus with about 20 species. One of these (7\ myceto- 
phila Peck) is parasitic on certain Agaricah's; the others grow as sapro- 
phytes on decaying wood. The fruiting body of Tremella is gelatinous 
in texture, is more or less round(‘d, and has the surface variously con- 
voluted (Fig. 279). 

The mycelium of Tremella ramifies through and absorbs food from the 
substratum. It consists of branching hyphae with binucleate cells 
that may or may not have clamp connections.® The fruiting body is 
developed from hyphae that have grown above the substratum. These 
hyphae are somewhat larger and more intertwined than those in the 
substratum, and all interspaces between them are filled with gelatinous 



Fig. 279 . — Tremella bp. (Natural size.) 


material. The fruiting body of T, mesdikrica Retz. may form binucleate 
oidia. These are produced in short catenate seri(\s from hyphal tips 
just within the perijdiery of the gelatinous matrix.^ The formation of 
oidia is coincident with and not, as in DacryomyecSj prior to formation 
of basidiospores. T. lutcscens Pers." forms conidia that arc borne in 
clusters on short lateral branches.® 

The entire exposed surface of a fruiting body is fi'rtile. The fertile 
region consists of a palisade-like layer of narrow branched or unbranched 
multicellular hyphal tips (paraphyses). Intermingl(*d with them and 
of approximately the same height are much broader unicellular eystidia 
(Fig. 280A). These appear to be modified basidia rather than modified 
vegetative cells. Their function is unknown. The first indication of 
basidial development is a dense accumulation of protoplasm in tips of 
certain hyphae just below the paraphyses and cystidia. The terminal 
cells of these' hyphae become globose (Fig.^280S-i)), the two nuclei 

I Gilbert, E. M., 1911; Neuhoff, 1924. 

•Dangeard, 1895; Neuhof!, 1924; Wheldon, 1935, 1935il, 1937. 

» Wheldon, 1934. < Dangeard, 1895; Whcldon, 1934. » Coker, 1920. 
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fuse with each other, and the fusion nucleus divides meiotioally into 
four daughter nuclei.^ Even before completion of the last nuclear 
divisions, the young basidium (the hypobasidium) may begin to develop 
mamillate protuberances (the epibasidia) at the distal end . 2 However, 
in most oases the epibasidia do not appear until after the hypobasidium 
has divided vertically into four uninuoh'ate cells (Fig. 280JE?). An 
epibasidium elongates until its apex projects beyond the gelatinous 



Fig. 280 ~A //, 7'r€m,dla frondosa Fries. A, di iKrammiitic veitital section of a portion 
of a hymoiiium with haaidi i dt various stages of <le\elopinent /i G, stages in the develop- 
ment of basidia H, basidiosporc. /, formation of second ir\ b isidiospores from basidio- 
spores of T, mtaerUei ica Retz. (I, after Whtlden, 1934.) (A, X OoO, B-H, X 1,300; 

J, X 675.) 

matrix of the fruiting body. Then it develops a sterigma and basidio- 
spore at its distal oiid (Fig. 280F-//). A single nucleus moves into each 
elongating epibasidium and ovent\ially migrates into the sterigma and 
basidiospore.* There is the usual explosive abscission of basidiospores 
from their sterigmata.® 

A germinating basidiospore may form a short hypha with a length 
about that of the spore and then develop a tyjncal basidiospore at th© 
hyphal apex.® The single nucleus of the old spore remains undivided 
and migrates into the new spore (Fig. 2807). The significance of this 
formation of secondary basidiospores is unknown. A basidiospore may 

* Dangeard, 1895; Maire, 1902; Neuhoff, 1924; WheldoQi 1934, 

* Wheldon, 1934. • Buller, 1922. 
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also germinate to form a hypha composed of a few short colls that may 
produce clusters of small ovoid conidia.^ 

ORDER 5. AURICULARJALES 

The Auriculariales have a basidium in which cither the entire basidium 
or only the epibasidial portion is transversely divided into four cells, 
each of which bears a single stcrigma and basidiospore. The fruiting 
body may have the basidia freely exposed from the beginning, or it 
may have them enclosed by sterile tissue before the time of spore forma- 
tion. The mycelium may either be amorphous or organized into a 
definite fruiting body that is generally of a jelly-like consistency. Some 
genera are saprophytic, others are i)arasitic. The order includes about 
15 genera and 125 species. 

A haplophasic mycelium with uninucleate cells has I)een demonstrated 
for one member of the order, ^ and it has also been shown that this 
^ mycelium may reproduce by means of 
conidia.* A dijJophasic mycelium with 
binucleate cells and clamp connections has 
been found in several of the genera.^ 
HirneoJa is a saprophyte that grows 
on stumx)s or dead trunks of various 
trees. Its fruiting body is more or less 
ear-shaped and is so attached to the sub- 
stratum that the concave side faces dow n- 
Fig. 281. — Himeola auricuia-judae ward (Fig. 281). When iiioist, a fruiting 
(L.) Berk. ( X H.) body is gelatinous in texture, but it grad- 

ually changes to a horny consistency as it loses water. During rainy 
weather a dried-out fruiting body imbibes water, returns to the gela- 
tinous condition, and resumes growth. Mature f mi ting bodies may 
be up to 10 cm. in diameter. 

A basidiospore shed from a fmiting body of H, auricula-judae (Ij.) 
Berk, divides transversely into three or four cells, and then one or more 
of the cells send out a hypha. ^ Such hyphae may produce clusters of 
sickle-shaped conidia. This may take place shortly aft(U' a hypha has 
emerged from the old spore wall or after it has become a much-branched 
mycelium. The conidia may germinate into mycelia that produce 
further conidia.^ Probably, as shown for another genus of the order 2 
this conidium-producing hypha is haplophasic. 

Nothing is known concerning the origin of the diplopha&c condition 
in H. auricula-judae, but it is known that tlie hyphae of the mature 

* Brefeld, 1888. * Shear and Dodge, 1925. 

’ Brefeld, 1888; Shear and Dodge, 1925. 

4 Shear and Dodge, 1925; Kniep, 1928; Grocn, 1925. 
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fruiting body are binucleate^ and have clamp connections.* The fruiting 
body of this species is an intricately interwoven system of narrow hyphae 
in which spaces between the hyphae are filled with a gelatinous substance. 
The convex upper side of the fruiting body is covered with a palisade-like 
layer of broad, unicellular, club-shaped, sterile hyphae. Basidial develop- 
ment is restricted to the lower concave side. The basidia arise some dis- 
tance in from the lowei surface, but they eventually extend to just beneath 
the thallus surface. Developing basidia (Fig 282) of //. auncala-judae 



Fig 282 — Hirnpola auiicula-judat (L ) Berk Diagnmni itio \crtical section of a portion 
of d hymeniuiQ with bisuli i at v irious stages of (le\elopmcnt ( X 650 ) 

have little if any of the diffcTcntiation into hypo- and epibasidium that 
is so conspicuous in many other geneia of the order. The two nuclei in 
a young basidium unite with each other, and the fusion nucleus divides 
into two daughter nuclei. The basidium then liecomes transversely 
divided into two cells, ^ each of whi^h also divides transversely. The 
uppermost of the four cells dev elopes a sterignm at its distal end; the 
other tliree cells each develop a lateral steiigma All sterigmata grow 
outward, project beyond the gelatinous matrix of the fruiting body, and 
then form basidiospores* Abscission of a basidiospore from its sterigma 
is violent. If the basidium lies horizontal, the spore is hurled 0^4 to 
0.5 mm. beyond the sterigma.* 

• Septohasidium is of interest because certain of its species have ba^dia 
intermediate betw^een thqpe of Eubasidii and Hemibasidii. A few species 
are known from the southeastern part of the United States, but a majority 
of them are found only in the tropics. The mycelium of SeptohasidtuTn 
» Sappin-Ttoufly, 18W* * Green, 1925 » Bullet, 1922. 
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grows in a nongclatinous felt-like layer over portions of stems and 
branches of woody plants infected with scale insects. The relationship 
between fungus and insect seems to be symbiotic in nature rather than a 
case of parasitism or saprophytism.* 

Basidiospores are the only spores formed on mycelia of most species, 
but the mycelium of one species^ is known to form chains of oidia. The 
basidia of certain species have a conspicuous differentiation into hypo- 
basidium and epibasidium; those of other species lack such a differentia- 



Fio 283. — A, Sej tohaaKhum rehforme (B and C) Pat Vortioal sef'tion of hymenial 
surface with young baaidid B D, S jjbcudoptdicdlatum Burt B, Vertical section of 
hymenial surface with mature basidia C, basidiospoies D, basidiospores with comdia 
(After Coker, 1920 ) (A-£f, X 540, C~D, X 1,080 ) 

tion. S. pseudopedicellatum Burt is reprosentative of the species with 
hypo- and epibasidium. Basidia of this species are developed at the 
tips of erect hyphae just btneath tiie surface of the mycelium.® A 
basidium is broadly ovoid, and, after it has reached a certain stage of 
development, it secretes a thick wall (Fig. 283A). When such a spore- 
like hypobasidium is moistened, it produces an epibasidium and basidio- 
spores in about two days. The epibasidium is an elongate tube that 
extends some distance beyond the mycelium (Fig. 2835). It becomes 
transversely divided into four cells, each of which produces a single elon- 
gate and somewhat arcuate basidiospore that becomes transversely 
divided into about eight cells before abscission (Fig. 283C). Cells of a 
germinating basidiospore may either send fortfi hyphae or they may bud 
off small conidia.® 

^ Couch, 1929. * Patouillard, 1913. 


® Coker, 1920. 
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SUBCLASS 2. HEMIBASIDn 

Basulia of the Hemibashlii are formed by germination of a apccial 
resting spore insl^oad of directly upon the mycelium as in the Eubasidii. 
Almost all mombors of the subclass form one or more types of spore other 
than the one germinating to form a basidium. The subclass includes 
about 125 genera and 6,200 species. All these are parasitic on vascular 
plants. 

The TTemibasidii have a life cycle in which there is an alternation 
of haplophase and diploi)has(». The haplophasic portion of the cycle may 
be reduced to one cell, but moro often it Ls an extensive mycelium with 
many uninucleate cells. C^onvcTsely, the diplophase is generally com- 
posed of many binucleate c(dLs but, as in the inicrocyclic rusts (page 500), 
it may be redu(*ed to a single^ binm*leate cell. Transition from haplophase 
to diplophase may be duo to a conjugation of vegetative cells, as in 
smuls, or to a formation of s])ecial spores, as in macrocyclic rusts. In the 
latter case haplophase ^ind diplo])has(' are distinct from each other and 
either parasitic upon the same host or u})on different hosts. An alternate 
succession of diplophase and liaplophase is not obligatory in the life 
cycle of many Hemibasidii since then' may be a formation of spores that 
reduplicate (*itlier tlie haplophase or the diplophase generations. In 
some cjises there is a reduplication of l>oth gc'uerations. 

The Hemibasidii aic gciicially cuiJhicleml more closely related to the 

Auriculariales than to any other Eubasidii, but there are those' who 
consider the relationship so remote that the smuts and rusts are placed 
in a grou]j coordinate with Ascomycetae and Basidiomycetae. 

The Hemibasidii are divided into two orders. 

V^)R])];K l. TJRKDIXALES 

Till* Urodiniiloh arc obligato para.sitch in which the terminal cells of 
subepidermal hyphac' d('\olop into one- to .scveral-cellcd spores (teleuto- 
sporch) in which each c(‘ll is binucleate. Kach cell of a teleutospore 
may dev(4op into a basi^um whicli, with a v<'ry few exceptions, becomes 
transversely divided" into four uninucleate cells, each of which produces 
a basidio-sporc. Some species form throe additional types of spore. 
Other species lack one, tw'o, or all three of these ad<litional spore types. 
The order includes about 100 genera and 5,000 species. 

The life oych* of the UriKlinales involves an alternation of a multi- 
cellular generation of many uninucleate cells (the haplophase) Mnth a 
diplophase that may eith* consist of a single binucleate cell or many 
binucleate ones. 

* Ueasey, E. A., 1985; dements and Shear, 1931. 
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M Uredei^algig P^rodvAe tdeutogpsitS^ If no other binuc leate 6P^ r ^ 
than tefeutospores are produced during the ramplete life cycle, the rust 
Jis stud to be short-cycled or microcydic.^ If there is production of one 
or more additional types of binucle&te spores, it is said to be long-cycled 
jOr macrocydic. 

Macrocyclic rusts may have the t hree f ollpwing types ,of sppre in 
adcntioAT to tdcutosporcs and basidiosporesr'ljl^ec^to^res which are 
binucleate, borne upon a mycelium that' iS ha|dpphasic or began develop- 
ment as a haplophasic mycelium, and always produce iP'diplophase 
myceKum when they germinate, 'fe/redos pore s^which are'binucleafeTlBfe 
always borne upon a diplophaJh myceKixriC^inciraSways produce a diplo- 
phase mycelium when they germinate. , jSpertnalta which are uninucleate, 
are always borne upon a haplc^hase mycelium, and may reduplicate the 
haplophase or help initiate a new diplophase. Macrocyclic rusts may be 
auioedotis with the two alternating generations borne upon the same or 
closely related hosts or helcroecious with the two generations on distantly 
related hosts. 

Telcutospores and basidio.spores may be the only spores produced in 
the life cycle of a microcyclic nist, or there may also be a production 
of spermatia. In some microcyclic rusts the entire vegetative mycelium 
is haplophasic; in others some portions of the mycelium arc haplophasic 
and others diplophasic. 

The present tendency is to divide the Uredinalcs into two families® 
that differ from each other in the manner in which the teleutospores are 
home. ' » ^ 

PvAxinia graminis Pers. is a macrocyclic rust in which the life cycle 
involves all possible types of spore. It is also'bcteroecious, with the 
haplophase parasitic on the barberry and the' diplophase parasitic on 
wheat, oats, rye, barley, and many grasses. Although there are no 
evident morphological differences betw^u spores of the diplophase from 
host to host, there are man y^biologic al ^ra^ s within the species. Thus, 
uredospores from stems of the wheat will not readily infect oats, rye, 
or barley. In addition, there are also biological races Upon the same 
I} 08 t, and at least 37 physiological forms have been distinguished® in 
12 agronomic varieties of wheat. 

Infection of wheat with P. graminis is externally evident because 
, of the vertically elongate, reddish-brown or Mackish, granular pustules 
upon the stem and leaves. The first pustules’tsow) appear late in spring 
and 4i^e reddish-brown. Since tEe^' contain uredospores only, they are 
known as uredoaori. The uredospores of a uijedosSFurare'IrMTy exposed, 
and they may become detached and*carried to otbw'^1«rtal by the 

*■ Arthur and Kern, 1926; Arthur et of., 1929. Dietel, 192& 

* Stakeman and Levine, 1922. ' 
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^wjud. A urcdjDspore is broadljhovoid, binucleate, and with'^our ot five 
circular thUff|S:eas {germ pores) in the relatively thick wall. It germinates 
within a few hgurs after falling upon a suitable host plant and sends out a 
hypha {germ tube) through one or more of the germ pores (Fig. 284A). 
If it sends out two germ tubes, one grows more vigorously than the other. 
A germ tube grows over the suifaee of the epidermis of the host and, when 
it reaches a stoma, its tip develops into an elongate vesicle — the appres- 
sorium. The binucleate protoplast of the geim tube migrates into the 
appressorium, and the empty germ tube becomes separated from thor 
apprefesorium by a cross wall ^ The appiessorium tlien sends downw’^ard 
a wedge-like outgrowth whose distal end usually enlarges into a vobi^lc 

after it has grown through Ihe stoinatal slit The contents of the 

•SfA ^ 


\ 

.1 

c 





Flo 284 — Pucania g7armmi> TVrs 1, germination of i uredosporf B, infection of a 
wheat plant by ^jrowlh of a h'sphi through a stoin i ( urerlosoius (i4, X 650, B, 
X 486. C, X 325 ) 


appressorium migrate luto tlM‘ vesicle dc^ eloped bemnith the stoma, and 
a mueh-branched mycelium, composed of many short biniich'ate cells, then 
grows from the substpiuatalieMtlc (Fir 2841J). Growth of the m3rcelium 
is intercellular and with a forpiation ot many short haustorial branches 
that penetrate the host colls A fully developed mycelium does not 
extend far from the point of entrance into the host. There is some 
killing of host cells in the infected area, but many of them appear to 
nonpal. Hyphal branches of the mycelium are especially nunj?*^ 
just beneath the epidermis of the host, and within five or six 
bOgin to form uredospores. The fiist uredospores matiu% 10 |o 
after infection. A very young uredosoru.s consists of a layer of 
boaoZ that elongate^ vertically >and divide transversely (fig. 3®4C). 
The h4Woi;«>dAUghter cdK, which docs not divide, is the The 

superior daugirter cell divides trausvcrscly, the upper daughter cell 
1 Allen, 1^.’ '***' 


496 


ALGAE AND FUNGI 


maturing into a uredospore and the lower one into a stalk cell. Since 
there is a continual differentiation of new basal cells in a sorus, there 
may be a long-continued production of uredosporcs. Maturation of the 
first uredospore^ is followed by a rupturing of the overlying epidermis 
of the host and dispersal of the uredosporcs. The time interval between 
infection and development of the new mycelium to a fruiting condition 
is so short (10 to 12 days) that several successive generations of urodo- 



Fig 286 — Puccinia graminis Pers Vertical section through a teleutosorus ( X 325 ) 

spore-producing mycelia may be formed during the summer if conditions 
are favorable. 

^ Toward the end of summer, the mycelium begins to produce telcuto- 
spores instead of uredosporcs. The first tcleutosporcs are generally 
developed in a' sorus containing uredosporcs; sori produced late in the 
development of the hjost‘bontain only tcleutosporcs. The change from 
uredo- to teleutospore production W dependent upon the photosynthetic 
activity of the host, and it has been shmn^ that under certain conditions 
there may even be a reversal from teleuto- to uredospore production. 
'Teleutoi^re development is similar to uredospore development except 
that sister cell of the stalk cell divides into Iwo binucleate cells which 
deveTdp mto a two-celled teleutospore (Fig. 285). >Bot^ cells of the 
1 Waters, 1928. 
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teleutosporc secrete a thick wall containing a single ge rm pore. Both 
cells have th^two nuclei unite with each other as the spore wall matures.^ 
Ordinarily thef teleutospores do not germinate until the next springi^ 
At this time they may either be lying on the ground or still be aiCa^'ed 
to the old sorus. One or both of the cells of a germinating teleutospore 
send forth a tubular outgrowth (the cpibasidium) that becomes trans- 
versely divided into four uninucleate cells. ' The nuclear behavior is 
unknown in P. graminiSy but another species of Puccinia is known* 
to have the fusion nucleus migrating into the epibasidium and there 
dividm^melotically into four daughter nuclei?*' Transverse walls are 
Tormed after both the first and the second nuclear divisions. Each cell 
of the epibasidium of P. graminis forms a lateral steri mna and basidio- 
spore, but this generally takes place in the median cS^ef ore it does in 
the terminal ones (Fig. 286A). As in the Eubasidii,® abscission of 
basidiospores is explosive. 

"^asidiospprcb are incapable of infecting wheat, and they can only 
develop into a mycelium if they fall upon a b arberr y. A TS^asidiospore 
falling upon a leaf or a young twig of the barlSerry' sends out a germ 
tube that grows directly through the outer wall of an epidermal cell and 
there forms a hypha of four to six uninucleate cells. ^ Branches grow 
out from each cell of this hypha, and they develop into a much branched 
haplophasic mycelium that grows between all cells between the lower and 
upper epidermis of a leaf. About the fourth day after infection, dense 
mats of hyphao appear here and there between the upper epidermis and 

the palisade tissue. Thesi' are the** prim ordia of the spermogonia or 
pycnia (Fig. 286P). The mat-like priniordium of a spermogonium soon 
sends up numerous erect branches that converge to a common point and 
push up the overlying epidermis. The spermogonium eventually 
becomes flask-shaped and forms a pore-like opening, the oshole. Hyphae 
adjacent to tlie ostiole develop into sterile paraphyses; those lining the 
spermogonium terminate in elongate uninucleate cells each of which cuts 
off a succession of small spore-like bodies {spermalia) at the distal end. ^ 
The spermatia accumulate fll"S'lWge droplet of nectar-like liquid exuded 
through the ostiole. It is extremely doubtful if spermatia can reinfect 
the barberry and thus reduplicate the haplophase. Until quite recently 


the spermatia were thought to be spores that have become functionless. 
It is now known that P. graminis is heterothallic® and that the spermatia 
an essential factor in inducting a return to the diplophase conation, 
"unlike most other heterothallic basidiomycetes, P. graminis has no cfm- 
Ijugation when two haploid mycelia of opposite sex come in colS^lb^ ^th 
lieach other. Instead, the diplophase is initiated by a transfer of sperma- 


» Sappin-Trouffy, 1896. » Allen, 1933. » Duller, 1924. « Allen, 1930. 

» Cjaigie, 1927* 1927A, 1928, 1931 
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' tia from a spermogonium of one sex to another of the opposite sex,^ 
’ or by a sperniatium coming in contact with a \egetative hypha of the 
opposite bex.2 Under natural conditions intermingling of spermatia of 
opposite sexes may take place when two spermogonia develop close to 
each other and the exudates flow together, or it may result from insects 
carrying a droplet of siiermogonial exudate' to another spormogonium.®" 
Cytological investigation sliows® that there us often a fusion between 
sperinatia and vegetative hyphae that ha\e pushed up through and 



Fio 286 '-Pucctnia (jrarmnis IVrs A formutum of ppib isuln bv g( rmiiutinR toloulo- 
sporof B, \ertiiaf ‘■cction of i ))»rbcrry leif showing i tjporiijogonium and an acndmin 
C, A chain of aeo diobpores dternvtmg with small stciilo cells (J, X 480, B X 100, 
C\ X 650 ) 

f ojccted beyond the upper epidermis. Two lines of evidence indicate 
at spermalium and hypha aie of opi)Ofeit<‘ scx( ^ One is the lack of fusion 
and continued formation of ‘■perraatia if the leaf is inoculated with a sin^c 
ba^^obpore^ other"is the immediate cesbation of spermatial forraa- 
tiofll, the drying up of the exudate, and the death of the spermogonia if 
docs take place. 

■ V’lt is uncertain how the diplophaso initiated at the upper surface 
reaoheb the lower surface of a leaf. It may^lbe either by a img^fation of 
nucjlei through hyphae of the haplophase mycelium a downward 
I Craigie. 1927, ig^TA. * Allen. 1939> ’ Cra^^ ICKtf^ 1^, 1931. 
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growth of binucleate hyphae. In any case, there is a loosely interwoven 
snarl of hyphae between the lowermost mesophyll cells. Some of the 
cells are binucleate; others are uninucleate.^ A palisade-like layer of 
binucleate cells is eventually differentiated from the snarl, and each 
cell functions as a basal cell that cuts off a succession of binucleate cells, 
each of which immediately divides transversely into a large and a small 
daughter cell. The large cell becomes an aecidiospore; the smaller one 
disintegrates (Fig. 288C^. The margin of the spore-forming area is 
encircled by a ring of basal cells each of which cuts off a succession of 
binucleate cells that do not redivide into large and small cells. Instead 
they develop into a protective layer, the peridium, in which the radial 
and outer tangential walls are greatly thickened. Tl^e peridium and the 
chains of aecidiospores jointly constitute the aecidium (Fig. 286B). The 
apex of the peridium eventually ruptures, and the binucleate aecidio- 
spores are liberated from the cup-like aecidium. 

Aecidiospores are shed late in the spring. They cannot reinfect the 
barbeiTy, but, if one of them is carried to a wheat plant, it may germinate 
and send forth a hypha that grows through a stoma. The mycelium i 
developed within tissues^ of the wheat is coini)osed of binucleate cells, | 
and within 10 to 12 days it begins to form uredospores. ^ 

In a typical life cycle of P. graminis, the first infe(‘tion of a young 
wheat plant is by means of aecidiospores. However, this is not always 
the case, and the first infection may be cither by uredospores that have 
survived over winter or by uredospores that have been carried by winds 
from regions wdiere the rust has already begun the production of 
uredospores. 

The microcyclic rusts are generally interpreted as types that are 
derived froni, instead of more primitive than, the macrocyclic rusts. 
Some microcyclic rusts derived from macrocyclic rusts have had an 
obliteration of all types of spore but the teleutospore and basidiospore; 
others have had an obliteration of all spore types but the teleutospore, 
basidiospore, and the spermatium. 

Puccinia malvaccarum Bert., the liollyhock rust, is representative 
of microcyclic rusts which form only telcutospores and -basidiosporesv 
Its mycelium is haplophasic in the first-developed portion* and diplo- 
phasic in the portion bearing the telcutospores. Development of tdeuto- 
spores* is similar to that fti P. graminis, and the two nuclei in both cells 
of a teleutospore fuse with each other before the spore is ripe ^Fig. 
287 A-C). Germination may take place immediately after ripeifing^ a 
spore, and both cells geiier|,lly send forth an epibasidium. The fu^on 

nuclcua migrates into the epibasidium, and there undergoes meiosis.' 

Transverse cross walls are formed between daughter nuoUi Of both the 

> Allen, 1930. * ^worOt. 1931; AQen, 1935. > AUen, 1988A. 
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first and the second nuclear divisions (Fig. 2&7E). Each of the four 
cells sends forth a sterigma and develops a basidiospore at the sterig- 
matal apex (Fig. 287 F-G). The basidiospores are formed in acropetalous 
succession instead of siniultaneoubly. Each basidiospore is uninucleate 
before germinating. The basidiospore immediately infects the host, and 
the mycelium developing from it soon produces telcutospores. Thus 
several successive generations of the fungus may develop during a single 
growing season of the host. 

Evolution of a short-cycled t 3 rpe of nist does not always center 
around the teleutospore. The microcyclic “orange rust” of the black- 



Fio. 287 . — Puccinui tnalvaciarvm Bert A, young teleutospore niatuio teleuto- 
spore. C~G, stages m cle\elopiiient of epibisidui by germinating teleutospores H, 
basidiospores. (A/Ui Ruth F Alhn, ) (.1 t , X 700, D-II, X 1,125) 


berry (Rubus) illuhtrateb this. There are two orange rusts on liubus, 
and the two are indistinguLshable from each other at tho so-(‘alled caeoma 
stage} One of them [Gymnocoma Pecktana (Howo) 'Frotter] is macro- 
cyclic and produces hpennatia, telcutospores, basidiospores, and aeeidio- 
spores. Its aeeidio&pores are borne in the type of naked aeeidium known 
as a caeoma. The other orange rust [Kunkclia mivns (Schw.) Arth.] 
is microcyclic and only develops spermogonia in addition to a caeomoid 
type of fructification. K. niUns was distinguished^ from O. Peckiana 
shortly after the discovery’ that germinating si)ores from its caeoma 
produced typical epibasidia and basidiospores. In the United States, 
G. Peckiana is found on species of Rubus growing oast of the Mississippi 
and north of the Ohio rivers. K. nitens is found both on Rubm growing 
south of the Ohio and on Rubus growing along the Pacific Coast.* 

Basidiospores of K. mtens sprayed onto leaves of Rubus cause a typical 
infection.* There is also an infection wlien telcutospores are sprayed 
onto a leaf, but it is uncertain whether they infect the leaf directly or 
1 Kunkel, 1916. * Arthur, 1917. ^ Kunkel, 1914. « Dodge, 1923. 
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germinate to form basidiospores. The mycelium developed within 
the leaf is haplophasic and intercellular. In most causes the mycelium 
produces both spermogonia and caeoma. Development of spermogonia 
may take place prior to or simultaneously with that of the caeoma. 
Caeomal development begins with the differentiation of a palisade-like 
layer of hyphae just within tin* lower epidermis. This layer eventually 
gives rise to vertical chains of binucleate cells in which large and small 



Fiu 2S8 —Kunkdxa nUcns (Schw ) \rth A, \oitical section of a portion of a caeoma. 
R, hmudeato spore from a caeoma C F, suicessive stages m germination of binucleate 
spores G~K, 8U((es8ive stages in germination of uninucleate spores and their production 
of basidiospores iB-K, after Dodge and Gaiatr, ) (A, X 430 ) 

cells alternate witli one another just as in the accidium of Puednia 
gramims (Fig. 288 A). The origin of the binucleate condition is uncer- 
tain. It has been described^ as being due to a lateral fusion of two 
uninucleate cells cut off at tlio distal end of two adjoining haplophasic 
hyphae. It has ako been ascribed to a fusion of sperniatia and vegetative 
hyphae, just as in P. gramims.^ One is inclined to accept the latter 
interpretation since it has been shown ^ that there is no production W 
binucleate spores unless tljp mycelium has also developed spermogonia. 
If there are no spermogonia, there is a formation of chains of uninucleate 
spores in the caeoma.^ 

‘ Dodge, 1924. * Foreberg, in E. A. Bessey, 1935. 
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Spores of a cacoma are identical in external appearance with the 
aecidiospores formed in a caeoma of Gymnoconia Peckiana. However, 
the spores from a caeoma of K, nitens should be interpreted as teleuto- 
sporic in natur^^nce they are biniich^ate and germinate to form typical 
epibasidia. Bmucleate caeomid spores of K, niteas have no fusion of the 
two nuclei either before or after germination.^ The germinating spore 
sends out a tubular epibasidium, and the two nuclei migrate into it 
(Fig, 2SSB-F). Shortly afterward a cross wall is formed between the 
two nuclei. Each uninucleate cell generally divides into two daughter 
cells, but sometimes there is a formation of more than four cells in the 
epibasidium. Each cell of the epibasidium then forms a l^asidiospore 
in the usual manner. Germinating iiniiiucleatc' teleulospores (Fig. 
288G-K) generally have the epibasidium dividing transversely into two 
cells each of v Inch produces n basidiosporc*, l)ut tlu^re may be a formation 
of more than two cells.^ 

V^RDlOll 2. USTILACUNAI.ES 

The Ustilaginales (smuts) aie parasites in which intercalary cells 
of the binucleatc mycelium form bmucleate chlamydospores. The 
chlamydospores germinate directly into septate or uiiseptate epibasidia. 
The order includ(‘s about 30 genera and 600 species. 

The Ustilaginales are divided into two families that differ from each 
other in structure of the epibasidium 

FAMILY 1. URriLAGINACKAE 

The Ustilagiuaceae have the germinating chlamydospon* producing 
an epibasidium that becomes t^ansvc^•^ely divided into uninucleate cells. 
Each cell of the epibasidium may form an indefinite number of basiodio- 
spores. There are about 12 gemeua and 3o0 species. 

Ust ilago has about 300 species and most ol them are para.sitic upon 
a iunpe host species. Certain species of V^tilago are parasitic upon 
cereals. These are of considerabh* economic importance since they may 
reduce the yield of grain by 25 to 50 per cent. The corn smut [17. Zeae 
(Beckm.) Ung.] generally infects the ears or tjissels of a corn plant (Fig. 
289), but it may infect the stem, leaves, or aerial roots. Infection may 
take place at any time during the growing period of the host. 

Infection is by means of basidiospores or by conidja produced by 
budding of basidiospores. U. Zeae is heterothallic, and a typical infection 
with production of chlamydospores is dependent upon inoculation with 
two basidiosx)orcs or two conidia of opposite sex.® Each basidioBpore 

^ Dodge, 1924. * Dodge, 1924; Dodge and Gaiscr, 1926. 

* Hanna, 1929; Sleumer, 1931; Staken]^ and Clrriettoiasen, 19S^. 
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or conidium sends out a hypha that immediately grows through the 
epidermis of the host and then continues growth horizontally beneath it. 
Conjugation may take pla(‘e immediately aftfT penetration (Fig. 290A), 
but more frequently eaeh spore' produces a haplophase mycelium of a few 
uninucleate cells before conjugation takes place.^ W^n the host is 
infected with a single spore or with several spores of the ^tne sex, there' 
is a formation of a many-celled haplophase mycelium, but this never 
produces chlamydospores nor induces a formation of galls by the host.* 

The diplophas(' mycelium extends to only a limited distance from 
the point of infection (Fig 290B). It grows chiefly in intercellular 
spaces of the host tissue and send«! short 
haustoria.1 branclu's into tlie host cells. The 
presence of (‘lam]> connections m the diplo- 
phase has been affirmed* and denied ^ The 
latter intcipn'tation seems to be the correct 
one sin(*e the available evidence^ seems to show 
that the number of mudei in various cells of the 
diplophase langes from one to a do^sen or moie 
Ordinarily the dijilophase pioduces only 
chlainydospoR's, but uu^der exceptional circum- 
stances ceitaiii hyphal blanches may piotrude 
through the epidermis of the host and form 
conidia. These* comdia aie always uninucle- 
ate, and they are incapable of developing into a 
chlamydos])oie-producjng mycelium when reiii- 
oeulated on the host,* 

The presence of the mycelium in thi' host <\n ear oi (om 

induce'^ an active duision and redivision of (Reckm ) Ung (x^,) 
colls in the infected legioii, and many of th(*m 

increase to an enormous size*. This causes a gall-like swelling of the 
iiifoeted region and one that may be up to 10 cm. in chameter. Eventu- 
ally there is a death of all host cells b<*low^ the epidermis of the gall. 

Branches of the mycelium of V Zfor are so d(*nsely imtangled with 
one another that the details of chlainydospoio formation eamiot bo made 
out witli certainty Ilowc'ver, it is known that the cells developing into 
ehlamydospores are biiiucleate. ‘ In certain othi'r species, as U. Vuijckit 
Oud, and Beij.,® every cell throughout the length of a hypha produces a 
chlamydosporo. The two nuclei in a 3 muiig clilainydospore of U. Zeae 
unite with each other, and the protoplast becomes rounded and secretes 
a thick wall. The gall now consists of an o]ndermal layer overlyin® a 
powdery mass of innun^f rable chlamydospores intermingled wdth dried 

» Hanna, 1929; Sleumer, 1931. * Hanna, 1929. » Slemnwj, 198b 

^Luthmn, 1910; Sleumer, 1931. *Sevfei*t, 1927 
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remains of host cells and sterile hyphae. The epidermis of the host may 
dry out and rupture any time after the spores are mature. 

Chlamydospores of U. Zeae may germinate immediately after they 
are shed, but it is very probable that a majority of them do not germinate 
until the spring follov ing their formation. A germinating ehlamydospore 
of Ushlago sends out a short tubular outgrowth, the epihasidium (Fig 
291). In U, Zeae the fusion nucleus divides into two daughter nuclei, 
one of which migrates into the epibasidiiim Each nuch'us diviiles again, 




Fiu 290 — Uaitiago Zeae (Bc(km) Unj? A, surf toe vie^ of i (orn Icif containing i 
diplophase myooliuin formed by conjugation of hyph ic from two Kornnn iting (oiiidi i 
vertical section of a corn leaf showing a mycelium glowing through h\ pertrophicd host 
tissues (A, Aft(r Hanna, 1929 ) (A, X 540, li, X 050 ) 

and one or both daughter nuclei of the nucleus within the old spore wall 
ako migrates into the epibasidiiim ^ The thiee- or lour-nucleate epi- 
baeidiuin then becomes transversely divided into four uninucleate cells 
The nucleus of each e]nbasidial cell divid(*s into two daughter nuclei. 
One of them migrates into a basidiospore budding off from the cell; the 
other remains within the cell. Ordinarily the nucleus remaining within 
the cell divides again, and there is a budding off of a second basidiospore 
(Fig. 291E). This may be repeated indefinitely^ Genetic analyses-* 
show that division of the fusion nucleus is reductional and that two cells 
of the epihasidium produce basidiospores of one sex and the other two 
produce basidiospores of the opposite sex. TVe chances for an infection 

^ Hanna, 1929 

* Hanna. 1929; Holton, 1932; Sleumer, 1931; Stakeman and Christensen. 1927. 
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of the host are greatly increased because of the budding ofif of conidia 
from the basidiospores. This may take place before or after detachment 
of a basidiospore from the epibasidium. 



Fig. 291 . — Ustilago Ztae (Hopkni ) Un^ Stagoa in. the formation of cpibasidia by 
germinating chlamydoaporea and the pro<Jurlion of eonidia by the budding of liasidioapores. 
(X 1,300.) 


FAMILY 2. TILLETIACEAE 

The Tilletiaceac have tlio germinating chlaiuydo.'^pore producing an 
epibasidium that does not become transversely divided into uninucleate 
cells. The epibasidium produces a definite numbi'r of basidiospores, and 
all of them are borne at its distal end. There are about 13 genera and 
250 species in the family. 

Tilletia is a genus with about 40 species. Two of these [T. Triiici 
(Bjerk.) Wint. and T, foctana (B. & C.) Trel.] are parasitic on wheat. 
Collectively they form the disease known as hunt. This is not a serious 
disease in this country except in the Pacific Northwest. Heads of wheat 
infected with bunt have an odor resembling that of decaying fish. 

Infection of the host can only take jilace during the seedling stage. 
If chlamydospores are used as the inoculum, there is a high percentage 
of infection by T. Tritici for the first six days aitvr the seeds are planted 
and none after the tenth day.^ If conidia arc used as the inoculum, 
there is considerable infection for the first eight days and none after the 
twelfth. Development of the mycelium within a seedling keeps pace 
with that of the host tissues. A mycelium growing within a host does 
not give external evidence of its presence, and it is impossible to distin- 
guish between infected and uninfected individuals until the host begins 
to flower. At this time there is a rapid development of hyphae in the 

^ Sartoiis, 1024. 
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floral organs Flowers of infected plants have ovaries about twice the 
normal size and have stamens ^hat are reduced and abortive. ^ At the time 
when the gram of uninfected plants is ripening, there is a replacement 
of the ovules of infected plants by a mass of chlamydospores. The 





Fig 292 — Tilletta Tntiei (Bjerk ) Wint A B, diagrams showing the formation of 
epibasidia by germinating chlamydospores and the formation of basidiosporos C-/>, 
diagrams showing the conjugation of basidiospores and the formation of conidia E 
diagram showing tho development of a mycelium and (onidia from a conjugated pair of 
basidiospores F, diagram showing the production of secondary conidia after germindrtion 
of a primary conidmm {Diagrama baaed upon Buller, 1933 ) (X 300 ) 

ovary walls in infected plants mature mto “seed coats” just as in normal 
kernels, and the resultant kernels, filled trith chlamydospores, are known 
as smvi halls. Under natural conditions it is very probable that the seed 
coat of the smut ball remams intact until the following spring. When 
wheat is cultivated as a crop plant, there is a breaking of a certain per- 
centage of the smut balls as the wheat passes through the threshing 
* Barms, 1916. 
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machine. Many of the chlamydospores from these broken smut balls 
lodge upon normal kernels passing through the machine and are sown 
with the grain when the next crop of wheat is planted. 

Germinating chlamydospores of Tilletia contain a single fusion 
nucleus, and it migrates into the cpibasidium developing from the chlamy- 
dospore. The fusion nucleus generally divides and redivides into eight 
daughter nuclei, but it may divide to form more than eight. ^ As the 
epibasidium elongates (Fig. 292 A-B)^ its protoplasm becomes restricted 
to the distal end and successive septa are laid down as the basal portion 
is evacuated. 2 Eight to 24 elongate aeicular basidiospores, each with 
one nucleus, are developed at the distal end of the epibasidium. Half of 
these spores are of one sex and half of the other.® Conjugation takes 
place at the basidiospore stage and either before or after abscission 
of the basidiospores (Fig. 292C). After establishment of the conjugation 
tube, the protoplast of one basidiospore migrates into the other, ^ and 
transverse septa are laid down in evacuated portions of a conjugating 
pair of basidiospores (Fig. 292D). The binucleate cell produced by 
conjugation may form a single sickle-shap('d conidium, or it may send 
forth a single branching many-celled hypha^ that bears several conidia 
(Fig. 292E), Conidia produced by conjugated cells or by a hypha 
growing from them may produce secondary conidia (Fig. 292F). Coni- 
dia, whether primary or secondary, are binucleate.® Their abscission 
is by a forcible discharge similar to that of basidiospores from basidia of 
Eubasidii.® Because of this similarity in method of discharge, it ha** 
been held® that the conidia of Tilletia are really the basidiospores. 
Germinating conidia send out a hypha, and infection of the host is by a 
direct penetration of the hypha between the epidermal c(‘lls of the host.^ 
The mycelium developed within the host is diplophasic, but many of its 
cells may be multinucleate.® 
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FUNGI IMPERFECTI 

Tlie imperfect fungi include those fungi in which tliere is neither 
a formation of zygotes, nor ascospores, nor ])asidiospores at any known 
stage in the fungi. They are the fungi in which the perfect stage’' 
(that is, zygote, ascus, or hasidiurn) has not been discovered or is lacking. 
The class is wholly artificial and is (Teet(‘d for the temporary reception 
of species pending dis(‘overy ot structures showing that they belong 
either to Phycomycetae, Ascomycetae, or Basuliomycetae. The Imper- 
fecti also include c(»rtnin fungi that never form spores at any stage of 
their development. These Mycelia Sterilia are only recognizable when 
they are of a distinctive type, as sclerotia, or grow in distinctive habitats, 
as in th(' cas(‘ of certaii^i inycorhizal fungi. 

According to the strictest interpretation, the Imperfecti should 
also include idiyconiyc(‘tes kiunvn only in the vsporangial stage*; rusts in 
which only the aecidiospores or xiredosj)ores are known; and certain 
spc^cies of as(*omy cel Otis genera, as Pvnicillium^ which are known only 
in the conidial stage. However, such fungi known only in the imperfect 
stage have such characteristic fru(*tifications that there is little doubt 
coiic(‘rniiig their prop(*r systematic position. 

Removal of sjit'cies from the Imperfecti has been going on for more 
than a c('iitiiry. Examples of this are seen in the demonstration that 
Sphacelia svgetum Lev. is the conidial stage of Claviccpa purpurea (Fries) 
Tul. (page 453) and that Fusicladium dcndritiexiw (Wallr.) Fcl. is the 
conidial stagi* of Vvnturia inaequalis (Cooke) Wint. (page 456). How- 
ever, the list of imperfect fungi is continually expanding because new 
species an* being added more rapidly than old ones are being removed. 
At present about 1,200 genera and 24,000 species arc referred to the 
Fungi Imperfecti. 

It is very probable that almost all of the fungi assigned to the Imper- 
fecti are ascomycetes. The evidence for this includes the similarity 
between their conidial stages and those of Ascomycetae, the lack of 
imseptate mycelia characteristic of Phycomycetae, and the lackF of 
clamp connections found^^n the Basidiomycctae. Sooner or later there 
will be a discovery of the ‘‘perfect stage” of certain species now referred 
to the Imperfecti. On the other hand, one cannot assume that there 
will be an eventual transfer of all species froin the class because it is very 
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probable that many species have lost the ability to form the perfect 
stage. 

The imperfect fungi include many species that cause* h(*rious diseases 
among plants and animals. Examples of the former are the anthracnose 
of beans, the leaf spot of becj;s, and the early blight of potatoes. The 
much-publicized “athlete’s foot” is an example of a disease of man 
caused by an imperfect fungus. 

Attempts have been made to arrange the Imperfecti according to a 
natural system, but these have been founded upon such inadequate bases 
that there is no assurance that they show the real phyletic relationships. 
For this reason it is Ix'tter to follow the widely used and purely artificial 
system that divides the Imperfecti into orders diff(*ring from one another 
in the manner in which the spores are borne. These* are: 

Monilialcf^ in which the conidia are borne directly upon an undifferen- 
tiated mycelium or upon specialized conidiophorcs. The conidiophores 
may be simple or compound and solitary or adjacent to one another. 
When the conidiophores are adjacent, they never lie in an acervulus 
(page 416) or in a pycnidium (page 416). There are about 600 genera 
and 9,000 species. 

Melanconialcs in which the fungi arc parasitic and with the conidio- 
phores in a subei)iderinal or siibcortical acervulus. The order includes 
some 80 genera and 2,100 species. 

Sphaerosidales in which the conidia arc borne in a pycnidium or 
in a modified type of pycnidium. There are about 500 gc'iu'ia and 
12,500 species. 

Mycelia Sterila in wdiich there’is no formation of spores, and in wdiich 
the mycelium has a characteristic structure or niod<‘.of growth. About 
20 g(‘ncra and 350 s}jecies aie placed in this order. 



CHAPTER XV 


LICHENS 

A lichoii consists of two different plants, a fungus and an alga, so 
associated with each other that they appear to be a single [)lant. I'lie 
fungus always envelopvs the algal com]Km(‘nt of the association, and the 
‘‘plants” resulting from combined giowth of the two are more or less 
constant in form and in internal structure. There an^ some 400 genera 
and 15,500 species of lichens.^ 

Every individual of a givem licluni sj)ccies contains the same alga 
and the same fungus. In three genera the liingal (*omponent is a basidio- 
inycete; in all others it is an ascomycef(\ The algal com])onent may 
belong to the Myxophycea(‘ or to the Chlorophyceae and may be fila- 
mentous or nonfilamentoiis. Lichens ha\e also been desciibed in Avhich 
fungi are assoc ialinl w^ith autotroi)hic bacteria (juirple bacteria), ^ but 
it has also becni held^ that these bacteria are not an essemtial component 
of these lichens. 

The rc'lationship bc'iw^c'en alga and fungus in a lic^hcm is still a matter 
of controversy. Some hold fhat “a lichc'ii is a fungus which livc's during 
all or a part of it- life in parasitic reflation with the algal host and also 
sustains a relation with an organic* or an incnganic siibstiatum The 
strongc'st argument that the' relationship betw^e'en fungus and alga is 
one of parasitism is the denionsti*ation' that haustorial hyphal branches 
or appressuria penetrate the algal cells ul c(Ttaiii lichens. Several of 

tliose wlio consider the fungus a ]rarasite pla<*e the* lichens among Ascomy- 
cetae and Basidiomycc'tae according to the nature of the fungus.® Those 
who follow this practice hold that the algal compone'iil may be nc'glecied 
and that the specie's name' given the lichen a])plit's only to its fungal 
component. 

In most cases tlie two organisms seem to derive mutual benefit from 
their association. The fungus absorbs and letains moisture necessary 
for the partnership; the alga synthesizes the necessary carbohydrates. 
Thus the relationship appears to be one of symbiosis rather than one of 
parasitism. The symbiosis is of the type knowm as helotmn because the 
partnership is decieledly at the expense of tlic' alga. Those who cousfder 
the liehens a more or le?^ symbiotic partiievsbip place them in a class 

‘ Zahlbnickiior, 1922-1932. * Uphof , 1 925, 1 926. ^ Suessenguth, 1926. 

* Fink, 1913. ® Bornet, 1873; Fry, 1928; Geitler, 1937. 

* Bessey, 1935; Clements and Shear, 1931. 
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distinct from both fungi and algae. They hold that a name given to a 
lichen applies to the partnership {consortium) rather than to the fungus. 
However, they recognize that in the strictest sense both the fungi and 
the algae should be classified separately. This is simple in the case of 
the algae since all of them may be referred to free-living genera of algae. 
Sometimes the alga within the lichen is identical with a free-living species 
of the genus, sometimes it is not. The fungal components cannot 
be referred to genera of fungi not found in lichens. To be strictly logical 
one would have to propose a new set of names for. the fungi found in 
lichens. This has never been attempted. 

Lichens grow on a wide variety of substrata, including the leaves 
and bark of tree's, soil, and rocks. In most cases a given species is 
restricted to a particular substratum. Many lichens thrive and multiply 
in habitats where other vegetation is practically nonexistent. Such 
habitats include bare rocks and extremely cold regions. The best 
example of the latter is the Arctic '^rundra w'here large areas are covered 
with “reindeer moss” {Cladonia rangifera Web.) that grows in clumps 
15 to 30 cm. in lieight. Other lichens, especially those growing on leaves 
and the back of trees, thri\ e best wdien there is an abundance of moisture. 
This is well exemplified by the luxuriant development of lichens in tropical 
rain forests and in the restriction of the “Californian Spanish Moss” 
{Ramalina reticulata Kremp.) to trees growing in the more humid canyons 
of the Coast Range. 

Lichens are of considerable ecological importance as pioneers in 
colonization of rocky habits by plants. Growth of a lichen upon a cliff 
or boulder is accompanied by a disintegration of the rock immediately 
beneath it. If the rock is a limestone there is more or less dissolving 
of the stone. Several lichens growing on linu'stone are cndolithic and 
with all the vegetative cells embedded in the rock.^ Disintegration 
of rocks other than limestone is almost wdiolly mechanical. This has 
been ascribed^ to varying stresses and strains induced by expansion and 
contraction of the gelatinous body of the lichen. When a lichen dies, 
its decaying remains, together with rock’ particles, form a soil in which 
other plants may grow. The first successors am generally mosses, but 
sooner or latc'r vascular plants begin to grow in the soil. 

The lichens are divide'd into the following two subclasses: 

Ascolichenes in which the fungal component is an ascomycete. 

Basidiolichencfi in which the fungal component is a basidiomycete. 

SUBCLASS 1. ASCOLICHENES 

III all but three genera of lichens the fungus associated with the 
alga is an ascomycete. Certain of the Ascolichenes have a thallus in 
i Fry, 1922. * Fry, 1024, 1027. 
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which alga and fungus are uniformly distributed throughout a gelatinous 
or nongelatinous plant body. These lichens are always crvstose and with 
the thallus forming an incrustation that adheres closely to the substratum. 
Other crustose lichens have an internally differentiated thallus and one 
in which the algae are restricted to a definite portion of the plant body 
(Fig. 293A). Lichens with an internally differentiated thallus may 
also be foliose and have a leaf-like IoImkI to deeply incised thallus that 
is attached to the substratum by rhizokHike outgrowths {rhiztnes) 
from the undersurface (Fig. 293if). A rhiziiic may consist of a single 
simple to branched hypha or of a number ot parallel hyphae that lie 
closely applied to one another. The thallus may be attached to the 



Flo. 293 — A, Graphia acnjtta Ach omboHded in the birk of Alnua K, Parmelia flameana 
Tuck r', r/ad<mi>y/o6iWi/«nm> (Flk) Waimo (4 X 1'^, «-r, X >i.) 


substratum by a hiiiglc rliizme growing iioin the tenter of the lower 
face or it may be attached by several rhizines. Still other internally 
differentiated lichens aro fridicofe and have a inueh-bi anched cylindrical 
to ribbon-like thallus that may be erect or ijendant (Fig. 293C). Fruti- 
cose lichens are attached to the substratum in the basal portion only. 
The foregoing distinctioiib between various typcb of lichrite are uot 
absolute. There are iutergrading forms all the way from the simplest 
type of homogeneous crustose lichen to the most highly differentiated 
foliose thallus. 

Structure. Thalli of most foliose lichens are internally differentiated 
into four tissues (Fig. 294.4). The uppermost region couhists of moreflor 
less vertical hyphae that are without intercellular spaces or with the 
interspaces filled with gefatinous material. This upper cortex may or 
may not be externally limited by an epidermis-like layer of h 3 rphae. 
Beneath the upper cortex is the algal layer. It conaista of rather hoaely 
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interwoven hyphae intermingled with algae. At one time the algae were 
thought to be the reproductive cells of a lichen and were called gonidia. 
This mi&nomer is still in common use and the algal layer is often called 
the gonidial layer. Beneath the algal layer is a medulla composed of 
very loosely interwoven hyphae. Below this is the lower cortex, which 
consists of compacted hyphae. In some genera the hyphae are more or 
less perpendicular to the lower face of the thallus; in others they lie 



Fig. 294 . — At verticiil sertion of a thallus of a species of Physcia B, isidia of Peltigera 
praetexta (Flk ) Zopf C', cyphella of a species of Slicta {B, after DarbiMre, 1926, Cy 
after Schneider t 1897 ) (A, X 480, X 150 ) 


parallel to it. The rhizines grow out from the underside of the lower 
cortex. 

Thalli ot fruticose lichens generally hav'^e a cortical layer at the 
outside, an algal layer beneatfi this, and a central axis of medullary 
tissue. 

In addition to tlie tissues just enumerated, a thallus may have 
other vegetative structures. Some foliose and fruticose lichens have a 
localized differentiation of the cortex into breathing pores that facilitate 
gaseous exchange between interior and exterior of the thallus. Breathing 
pores of foliose lichens are always devolopccf in the upper cortex. A 
breathing pore is an area in the cortex where the hyphae are loosely 
interwoven, and the tissue beneath it is more or less medullary in nature. 
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A breathing pore may be flush with the surface of the thallus, or it may 
be a cone-like elevation. The concave circular depressions (ryphellae) 
developed in the lower cortex of a few folioso lichens are also aerating 
organs (Fig. 294C). They arc circular breaks in the lower cortex that 
have been replaced by hy})hao which have grown out from the medulla.^ 
Cyphellae bear a superficial resemblance to pycnidia because empty, 
rounded, terminal cells of the hyphac are abstricte<l in a spore-like 
manner. 

Many lichens have small coralloid outgrowths (isidia) from the free 
surface of the thallus (Fig. 294B). Isidia consist of an external cortical 
layer and an internal algal layer. The alga is the same as that in the 
thallus. Development of an isidium is generally i)receded by a rupturing 
of the upi)er cortex, after which medullary hyphae grow into and pro- 
trude beyond the wound. ^ The primary fuiu'tion of an isidium seems 
to be that of increasing the i)hotosynth( tic {-urface of a thallus. Some- 
times they become detached from the thallus and stave as vegetative 
reproductive bodies. 

A lichen may also have external or internal gall-like growths (cephaU 
odia) in which there are both algal cells and fungal hyphae. An external 
Ci‘phalodium is immeditttely distinguishable from an isidium by the fact 
that the cephalodial alga is different from that in the algal layer of the 
thallus. Cephalodia formt'd on different individuals of the same species 
generally contain tin' same alga.* Furthermore, these algae are usually 
si)ecios that enter into the composition of other lictums. In some s])ecies 
the development of cephalodia is due to propagati\e bodies {sondia) of 
other lichens falling upon young j)ortions of the thallus. Thus, a ceplialo- 
dium may be looked upon as a small sterile thallus of another lichen and 
as having Jio organic connection with the thallus bearing it. Internal 
cephalodia also contain algae different from those in th(‘ algal laycu*. 

Vegetative Multiplication. Continued marginal growth of a lichen 
may be accompanied by death and decay of the older i)ortions. In these 
lichens, as in many liverworts, progressive growth and death increase 
the number of plants. Accidentally several portions of a thallus may 
develop into a new })lant provided they contain both symbionts. This 
is of frequent occurrence in the ‘‘Californian Spanish Moss^' {Rmnalina 
reticulata Knunp.) where detached portions of the p(»ndant thallus are 
carried to other trees by winds and there develon into new plants. 
Reproduction may also be due to a breaking off of outgrowths, especially 
isidia, from the thallus. c 

The commonest method of vegetative propagation is by the develop- 
ment of minute bud-like cRitgrowths (jsoredia) on the upper surface of a 
thallus. A soredium consists of one or more algal cells enclosed by a few 

^ Schneider, 1897. * Darbishirc, 1926. ® Smith, A. L., 1921. 
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hyphae (Fig. 296C-D). They may develop over the entire surface of a 
thallus or in localized pustule-like areas (soralia). Soredia arise in the 
algal layer in places where there are breaks in the overlying upper cortex. 
A hypha from the algal layer produces branches that enfold one, two, or 
more algal cells, and the soredium thus formed is pushed outward by an 
elongation of the underlying portion of the hypha. The attachment of 
soredia to the thallus is easily broken, and they are carried in all direc- 
tions by the wind. If a soredium falls upon a suitable substratum an<l 
conditions for growth are favorable, it will immediately develop into 
a thallus. If conditions are unfavorable for thallus development but not 
sufficiently unfavorable to check all growth, it will develop other soredia. 
Sometimes this “soredial dust” forms an extensive coating on trees. 



Fio. 296. —A Ji, early stages in synthesis of a hrhon thallus A, a culture of Proto- 
coccus {Trehovxia^) contaiiiing a germinating aacoapore of Phyaria patietina DoNot. B, 
the same culture five dava later. C-/>, aorodia ot a Bpersea of Pannelia (A-B, afttr 
Bonnier, 1889.) {A-B, X 250, C'-D, X 650.) 

spore Formation. The fungus of an a.scoliclien regidarly forms 
spores. When the spore germinates, it sends out hyphal branches that 
grow in all directions. If one of them comes in contact with a suitable 
alga (Fig. 295A-J5), it forms additional brandies that enfold the alga.* 
CJombined growth of the alga and fungus eventually results in a lichen. 
If none of the hyphal branches comes in contact with appropriate algae, 
the hypha dies. However, hyphae of germinating spores may grow 
indefinitely in artificial cultures when supplied with the proper foods. 
Under such conditions the mycelium may grow for months and have an 
external form and internal differentiation of tissues somewhat comparable 
to that when it grows in association with algae.* 

Ascolichens may form asexual spores in aHdition to ascospores. One 
lichen has been described* as producing conidia, but this has been ques- 
‘ Bonnier, llMM). » Tobler, 1909; Werner, 1926; Killian and Werner, 1924. 
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tioned.^ There are also a few well-established cases where the hyphae 
break up into oidia that may germinate into hyphae.^ Many lichens 
produce large numbers of small spore-like bodies within flask-shaped 
cavities immersed in the thallus (Fig. 296). In certain species the spores 
are capable of germination, and the hyphae developing from them produce 
a lichen if they come in contact with appropriate algae.* This shows 
that the flask-shaped cavities of these species are pycntdia and that the 



Fio. 206 — Semidiagrammatic vertical section of a pycnidium (spermogonium?) of a species 

of Phyacia ( X 430 ) 

spore-like bodies within them are pycnospores. In the case of certain 
other species the cavities seem to be spcrmogonia that contain spermatia. 

Asci produced by the fungus may be borne in apothecia or perithecia. 
These* may be embedded in the thallus, stand somewhat above it, or be 
subtended by long stalks. Ascocarp development begins with the differ- 
entiation of an ascogonium from hyphae deep in the algal layer. The 
ascogonia are many-celled and usually have several coils in the lower 
portion. Ascogonia of most lichens are composed of uninucleate cells, 
but in certain species the cells are multinuclcate.* In a large number 
of species^ the upper end of an ascogonium is differentiated into a tri- 
cogync whoso tip projects beyond the surface of the thallus (Fig. 297A). 
Fertilization in lichens wi^ protruding trichogynes has been described 

* Smith, A L., 1921 * Hedlund, 1895. ' Moreau and Moreau, 1928, 1932. 

* Stahl, 1877; Baur, 1898, 1901, 1904; Darbishire, 1900 
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as being by means of spermatia.^ The spermatia are produced in flask- 
shaped spermogonia that lie near the ascogonia. The evidence that the 
spermatia function as male gametes includes the discovery of spermatia 
lodged against the sticky protruding tips of trichogynes^ and the fact 
that thalli with numerous ascogonia but lacking spermatia rarely produce 
asrocarps.^ This is not accepted by all who have studied development of 
the ascogonia, and it has been hcld^ that there is never a fertilization of 
protruding trichogynes by spermatia. There is at least one species 
(Colkmodes Bachmannianum Fink) where the trichogynes never project 



trichogyne. /?, CoUemodes Bachmannianum Fink Di'igram showing an abLOgoniuin with 
a trichogyne that remains within the thallus. (A, after Baur^ ITOl, B, hosed upon Bach- 
mann, 1913.) 

beyond the thallus (Fig. 297B). Instead, a trichogyne grows more or 
less horizontally through the thallus until it comes in contact with a 
cluster of spermatia borne laterally on an internal hypha.^ The dis- 
covery of empty spermatia in contact with such a trichogyne seems to 
indicate that their protoplasts have migrated into the trichogyne,® but 
an actual migration of male nuclei down the trichogyne has not been seen. 

Fertilization is followed by a development of ascogenous hyphae 
from the basal portion of the ascogonium. In some cases* there is a 
parthenogenetic development of ascogenous hyphae without any preced- 
ing formation of ascogonia. The ascogenous hyphae are freely branched 
and with cells containing one, two, or several nuclei each. Asci are pro- 
duced at the ends of the ascogenous hyphae. Sometimes^ the ends are 

‘ Stahl, 1877; Baur, 1898, 1901, 1904. » Baur, 1«98. 

* Moreau and Moreau, 1^8. * Bachmann, 1912, 1913; Fink, 1918. 

* Bachmann, 1913. * Darbishirc, 1914. 

* Baur, 1904; Moreau and Moreau, 1928, 1932. 
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bent in typical croziers, and the binucleate penultimate cell develops into 
the ascus; sometimes there is a direct development of an ascus from the 
terminal cell. Ascus development is in the usual manner. When there 
are two nuclei in a young ascus, the two unite with each other, ^ and the 
fusion nucleus divides and redivides to form eight daughter nuclei. 
Eight ascospores are formed by free cell formation, and in most genera 
each ascosporc characteristically divides into two or more cells before 
liberation. 





^ I 


® ^ ^ A '.’L- ■*'*X ^ 

■^''v , f'-' 

' 

■r-jr > A 



Fio 2S8 - -&(<midi.ieramiii xtio vertical section of nn apotheemm of a species of Phyteia. 

( X 160 ) 

The ascocarp, whether apothccium or perithecium, is lined with a 
palisade-hke layer of paraphyscs (Fig 298). The asci grow vertically 
upward between the paraphyscs but never project beyond them. Ascus 
development is never simultaneous and in certain lichens an apotheoium 
may continue the production of asci for several years.® Discharge of 
ascospores from perennial apothecia is discontinuous and only takes 
place during wet weather.* 

The Ascolichenes are divided into two series: the Pyrenoearpeae 
in which the ascogonium is a peritheciuhi and the Gymnocarpeae in which 
it is an apothecium. The external morphology of the thallus, its internal 
structure, the nature of fhe algal symbiont, and the structure of the 

* Bachmann, 1913; Moreau and Moreau, 1932. 

' « Smith, A L , 1921 ’ Hihtzer, 1926 
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ascocarp are characters used in redividing each series into families. 
Sixteen families are recognized among the Psnrenocarpeae^ and 35 among 
the Gynocarpeae. 


SUBCLASS 2. BASIDIOLICHENES 

There are three genera of lichens in which the fungal component is 
a basidiomycete. In all of these the fungus is thought to be related to 
the Thelophoraceae, one of the simpler families of the Agaricales. The 
algal component is always a member of the Myxophyceae and either 

filamentous {Scytonema). All three 
genera of basidiolichens are tropical 
in distribution and found growing 
upon bare soil, rocks, or trees. 

The best-known member of the 
subclass is Cora Pavonia Weber and 
Mohr, a species that is widely distrib- 
uted in Central and South America on 
bare soil and on trees. The much- 
lobed thallus bears a superficial resem- 
blance to a bracket fungus (Fig. 299). 
When it grows on trees, C. Pavonia is 
laterally attached to the substratum 
by rhizines. As seen in vertical sec- 
tion, the thallus is differentiated into 
three layers. ^ The uppermost portion (the superior layer) is a loose felt 
of more or less perpendicular hyphae: beneath this is the algal layer in 
which hyphae run in all directions. The algal component is a species 
of Chroococcus, The inferior layer lies below the algal layer and is a 
rather dense felt of hyphae that run in all directions. 

The lower surface of the thallus bears concentrically arranged arcuate 
outgrowths of more or less perpendicular hyphae. Each outgrowth 
{svbhymenium) is radially divided into a number of segments. The 
lowermost face of each subhymenium bears a palisade-like layer of 
basidia. Sometimes this is described as consisting of intermingled 
basidia and unicellular paraphyses, but it is very probable that the 
so-called paraphyses are immature basidia. Each basidium bears four 
terminal sterigmata and basidiospores.^ 
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relationships of, 369 
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Autospore, 90, 100 , 101, 166, 195 
formation of, 100, 101 
liberation of, 100 

Auxiliary cell, 310, 329, 830, 333, 336, 
337, 338, 840, 341, 346, 346 
evolution of, 314 
position of, 310 

Auxiliary-cell filament, 329, 330, 332, 
837, 340 

Auxospore, 208-213, 214 
germination of, 209, 212 
Axial field, 201 
Azygospore, 81 
Azygote, 81 

B 

Bacillaricae {see Bacillariophyceao) 
Bacillariophyceac, 156, 168, 183, 19$'-216 
auxospores of, 208-213 ^ 

cell division in, 205-208 
cell wall of, 198-202 
classification of, 214-215 ^ 
distribution of, 196 
fossil, 196-198 
locomotion of, 204-2Q5 
microspores” of, 213-214 
nature of, 196 
protoplasts of, 202-204 
statospores of, 208 
Bangiales, 300, 801-305 
Bangioideae, 299, 300-306, 423 
characteristics of, 300 
Basal cell, 495 
Basal pit, 271, 272 
Basidiolichenes, 622 
characteristics of, 514, 522 
Basidiomycetae, 366, 367, 368, 370, 466- 
510, 511 

basidiospores of, 470-471 
basidium of, 469-470 
characteristics of, 370, 466 
classification of, 473 
development of, 467-468 
diplophase of, 467-469 
evolution among, 472-473 
haplophase of, 471-472 
origin of, 472 
relationeliips of, 369 

Bajaidiospore, 220, 370, 469, 473, 476 , 479 , 
482 , 484 , 486 , 489 , 491 , 492 , 494, 498 , 
499, 600 , 501 , 502, 606 , 511, 522 


Basidiospore, budding of, 606 
conjugation of, 466 , 606 , 507 
dispersal of, 485 

ejection of, 469 , 470, 471, 479, 487, 497 
formation of, 469 
germination of, 480, 482 , 486 , 489 
secondary, 489 

Baeidium, 368, 370, 473, 478 , 484 , 486 , 
487, 522 

development of, 470 , 472 , 476 , 479 , 
481, 482 , 485, 489 , 491 , 600 

homologies with ascus, 472 
origin of, 473 

Biddrdpkia mobHiensis, 213 
Smithlif 199 
Blade, 262 

regeneration of, 262 
Blastocladiay 384 
Blastocladiaceae, 384-386 
Blastocladiales, 374, 384-386 
relationships of, 369 

Blepharoplast, 16 , 17, 20, 52, 72, 116, 132, 
146, 147 , 162 , 167 , 158 
Bolrydiopsts, 179-180 
arhizUf 180 

Botrydium, 95, 169, 170, 173, 180-182 
granulatumy 173 , 181 
Wallrothiiy 181 
Brasstcay ^60 
Breathing pore, 516 
Bryophyta, 2, 6, 27 
characteristics of, 8 
relationships of, 9 , 26 
Bryopsidaccae, 103-106 
Bryopsisy 24, 103-106 
cortievlanSy 103, 104 , 105 
plunwsdf 103 
Bulbil, 130 
BumiUeria sicula, 171 
Bunt, 505 

C 

Caeoma, 500 

development of, 601 
Calcification, 124, 331 
Callose, 13, 106, 366 
Capillitium, 366 , 483 
development of, 366 , 356 
Capitulum, 131 
primary, 131 , 132 
secondary, 181 
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Carotin, 221 

Carpogonial filament, 308, 316, 817, 319, 

821. 323. 824. 329. 880. 332. 336. 336, 
837, 340, 341, 345, 346 

Garpogonium, 295, 299, 300, 303, 305, 

308. 319. 321. 327. 329. 330. 332. 336, 
337, 340, 341, 344, 346 

binucleatc, 308, 316, 317 
Carpomitra, 260-262 
ccU)rerae, 261, 262 

Garposporangium, 310, 317, 318, 319, 
821, 324, 325, 327, 332, 338, 346 

nature of, 310 

Carpospore, 299, 300, 303, 314, 318, 327 
development of, 303, 304, 305, 309 
germination of, 315, 342 
liberation of, 320 

Carposporophyte, 311, 312, 313, 314, 317, 
318, 319, 320, 321, 324, 330, 333, 336 
nature of, 311 
Casts, 124, 128 
Caulerpa, 102, 106-107 
davifera^ 107 
crassifolia, 106 
cupreasoideSj 106 
prolifera, 106, 107 
Gaulerpaceae, 106-107 
Cell division, 18-19, 41, 51, 57, 70, 71, 
80, 81, 84, 87, 163, 205, 206 
Cell plate, 53 
Cell waU, 221 
pores in, 86 

structure of, 13, 160, 169 
CeUonieUa patensia, 184 
Cells, multinucleatc (see Cocnocyte) 
Cellulose, 13, 45, 63, 69, 83, 86, 154, 155, 
164, 189, 279, 296, 366 
Central body, 277, 282 
division of, 282 
nature of, 281 
Central filament, 306 
Central nodule, 201, 202 
Centrales, 200, 203 
auxospores of, 212, 213 
characteristics of, 215 
Centriole, 167, 158 
Centrosome, 17, 183, 221 
Cephalodium, 517 
Ceramiales, 342-348 
Cerati&myoMLj 367-360 
Ceratium, 161 
kirundineUa, 160 


ChaetoceroSf 213 
Elmoreif 208 

Chaetophoraceae, 27, 43, 48-60 
CJiantransia, 307 
Chamaeaiphony 290 
iTicrustanSj 290 
Chamacsiphonales, 277, 289 
characteristics of, 292 
Chara, 128-136 
crinata, 134 
foeiida^ 131, 134 
Characeae, 127-136 
Characiaccae, 94-96 
Characium, 94-96 
angustatum, 96 
Charales, 51, 127-136 
Charophyceae, 12, 127-136 
characteristics of, 12, 127 
Chilomonas Paramaeciumj 162 
Chiiin, 14, 63, 69, 279, 366 
Chlamydomonadaceae, 29-31, 40 
CJdamydotnonaSy 15, 17, 18, 19, 26, 28, 29- 
31, 32 

nasidUt 16, 17 

Chlamydospore, 372, 386, 386, 388, 411, 
416, 469, 502, 503, 504 
germination of, 606, 606, 507 
nature of, 372 
CfUorarachnion, 176 
reptanSy 176, 176 
CfUorochromonaSy 174 
mtnuta, 174 

Chlorochylrium y 90, 93-94 
inclusvniy 93 
Lnnmiey 93 

Chlorococciicoae, 90-92 
Chlorococcales, 26, 27, 50, 89-102, 166, 
174, 373 

relationships of, 26 
Chloroco(*cinc tendency, 25, 89 
Chlorococcumy 90-91, 92 
humicoiay 91 
Chloromcson agile, 172 
Chlorophyceae, 6, 12-127, 158, 159, 164, 
168, 170, 173, 186, 296, 298, 367, 
368, 373, 513 

alternation of generations in, 23-25 
asexual Reproduction of, 19-21 
cell division in, 18-19 
cell structure in, 13-16 
characteristics of, 12 
classification of, 27 
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Chlorophyceae, distribution of, 13 
evolution among, 26 
eyespots of, 16-17 
flagella of, 16-17 
interrelationships among, 26 
life cycle of, 23-25 
sexual reproduction of, 21-22 
zygotes of, 22-23 

Chlorophyll, 170, 203, 204, 284, 297, 368 
Chlorophyll a, 221, 222 
Chlorophyll 6, 221, 222 
Chlorophyta, 3, 10, 12-142 
characteristics of, 6, 12 
relationships of, 9 

Chloroplast, 14r-15, 29, 41 , 44 , 46 , 48, 
49 , 62 , 55, 67 , 59, 61, 63, 66 , 69 , 79, 
83 , 86, 92 , 93 , 95, 100, 101 , 103, 108, 
115, 116, 122, 123 , 144, 118 
division of, 19 
shape of, 15 
of zygotes, 22, 23, 82 
Chlorosaccus, 176-177 
JluiduSj 176, 177 ^ 

Chordana, 234 
Chordariales, 247-260 
relationships of, 229 

Chromatophorc, 151, 162 , 163 , 155, 156, 
159, 164, 166 , 170, 174 , 176, 177, 

178 , 179, 180 , 183, 188, 190 , 191, 

192, 194 , 196 , 202, 203 , 221, 223, 

231, 245, 297, 301 , 303 , 316 
division of, 206 
Chromoplasiii, 281, 283 
Chrom'idina freiburgetisiSj 186 
Pascheri, 184 
Chromulineac, 187-188 
Chroococcales, 278 , 287 
characteristics of, 292 
ChroococcuSf 522 
turgidus, 278 , 282 
Chrysamoeba, 191-192 
radians^ 191, 192 

Chrysocapsales, 164, 186, 192-193 
Chrysochrome, 183 
Chrysomonadalcjs, 186-191 
Chrysomonads (see Chrysomoiiadales) 
Chrysophycoae, 6, 7, 156, 158, 164, 168, 
182 - 196 , 204, 208 
asexual reproduction of, 18^186 
cell structure of, 183-184 
characteristics of, 182 
classification of, 186 


Chrjraophyceae, distribution of, 182- 
183 

evolution among, 186 
Chrysophyta, 6, 10, 165 - 219 , 229 
characteristics of, 7 , 168 
relationships of, 9 , 168 
Chrysosphaerales, 186, 196-196 
Chrysotrichales, 186, 193-196 
Chylocladia ovaliSy 339 
Chy tridiales, 374-384 
relationships of, 369 
Chytricls (see Chytridiales) 

Cilia, 146, 184 
Cingulum, 198, 199 
Cladochytriaceae, 375, 381-382 
Cladochytrium, 381-382 
replicatum^ 382 
Cladonia flabelHformis, 616 
rangijeray 514 
Cladophojay 63-66 
glomeratOy 64 
Kuelzinginnumy 64 

Cladophoraceae, 24, 25, 27, 62, 63 - 66 , 
122 

Cladophorales, 27, 62-68 
relationships of, 26 
Clamp cell, 468 

Clamp connections, 466, 469 , 488, 490 
formation of, 468 
Clasbificalioii, 1-10 

and alternation of generations, 2 
artificial svblems, 1 
natural systems, 1 
ClavicepSy 462-466 
purpurcay 452, 463 , 464 , 511 
Cleistocarp, 431, 434, 436, 437 
development of, 436 
nature of, 418 
opening of, 437 
Closterium ctilosporum, 88 
vioniliformey 86 
Cocconeis PediciUuSy 200 

pUxentula var. klinoraphiSy 211 
var. lineatOy 212 
Codiaceae, 111 -114 
Codiumy 21, 24, 111-114 ^ 

fragiUy 111, 112 , 113 
Codospkaerium Naegelianumy 278 
Coenobium, 32, 33, 34 , 36 , 97 , 98, 99, 101 
formation of, 32, 101 
nature of, 32 
Cornocyst, 181 
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CoenocTte, 14, 26, 55, 62, 64, 65, 89, 91, 
94, 95, 97, 102, 103, 106, 108, 116, 
121, 128, 176, 180, 296, 366, 878, 888, 
389, 391, 400, 402, 405, 444 
division of, 18, 20 
nature of, 14 
Colaciales, 148-149 
Co^octum, 148-149 
caJvum, 148 

Goleochaetaceae, 43, 51-64 
CoUochcLeie, 23, 43, 61-64 
NiteUarum, 53 
pylvinaUit 62, 53 
scut€Uaf 62, 53 

CoUemodea Bachmannianumf 620 
C:k>lumeUa, 406, 488, 484 
development of, 406, 407 
Complementary chromatic adaptation, 
285-286, 298-299 

Conceptacle, 266, 270, 308, 331, 832, 833 
development of, 268, 269, 270 
initial of, 268 
Confervales, 373 

Comdiophore, 371, 415, 432, 434, 440, 
463, 456, 467 
development of, 403, 436 
Conidiosporangium, 371, 897, 398, 400, 
403, 410 

development of, 408, 410 
discharge of, 410 

germination of, 372, 397, 401, 403, 411 
nature of, 371 

Conidium, 371, 372, 415, 432, 434, 438, 
440, 461, 463, 455, 467, 469, 469, 470, 
472, 474, 488, 490, 492, 502, 606, 507 
conjugation of, 461, 452 
formation of, 432, ^6 
primary, 606 
secondary, 606, 507 

Conjugation, gametic, 80, 84, 88, 161, 
210, 211, 426, 428, 430, 472 
of h3rphae, 476 
lateral, 81 

scolariform, 80, 81, 82 
Conjugation tube, 80, 161, 428 
Connecting band, 198 
Connecting filament, 262, 268 
Consortium, 514 
CoprcmoruUf 148 
Cara Pavcma^ 622 
Ooml reefs, 331 
Oprallixui^eae, 831-833 


Corona, 138 

Corona inferior, 126, 126 
Corona superior, 126, 126 
Cortex, of Charophyceae, 130 
development of, 128, 130 
of lichen, 515> 616 

of Phaeophyta, 223, 240, 251, 264, 262, 
268 

development of, 268 
structure of, 264 
of Rhodophyta, 316 
Corticating branch, 129 
Corticating filament, 128, 133 
initial of, 129 

Cortication, 130, 223, 231, 264 
Cortidum varians^ 468 
Coamarium, 88 
renifonne, 86 
Cover cell, 347 
Craticular stage, 207 
Cryptogamia, 1 
nature of, 2 
Cryptomonadales, 152 
Cryptomonads (aee Cryptophyceae) 
Cryptomonaa ovaia, 162 
Cryptonemmles, 828-333 
Cryptophyceae, 6, 161-168 
characteristics of, 151 
relationships of, 151 
Cryptoaiphonia, 829-^31 
Woodii, 829, 830 
CumagUna, 315, 318-320 
Anderaonii, 318, 819 
CtiUeriaf 239, 240-243 
adaperaa, 240, 242 
muUifida, 240, 241, 242 
Cutlerialcs, 221, 226, 289-248 
relationships of, 229 
Cyanophyceae, 277 

(See alao Cyanophyta) 

Cyanophyta, 10, 277-294 
cell wall of, 279-281 
characteristics of, 8, 277 
classification of, 292 
heterocysts of, 290-292 
locomotion of, 286 
occurrence of, 277-278 
organisation of thallus in, 278-279 
pigments of, 284r-286 
relationships of, 9 
structure of protoplast in, 281-284 
vegetative reproduction of, 287-290 
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Cyclosporcae, 265-273 
characteristics of, 230, 2C6 
Cylindrocapaaf 47 - 48 , 373* 
gemindlaf 47 
invcliUaf 47 

Cylindrocapsaceac, 47-48 
Cylindroaper7num muscicola, 289 
Cymatopleura solea f. interrupta^ 203 
Cymhella Uinceolaiaf 200 , 210 
Cyphella, 616 , 617 
Cyst, 126 , 147, 159, 161 , 163 
(See also Statospore) 
germination of, 126 , 147, 169, 163 
Cystidia, 488, 489 
Cystocarp, 311 
nature of, 311 

(See also Carposporophyte) 
Cystoseira, 267, 268 
Cytokinesis, 19 

(See also Free cell formation; Pro- 
gressive cleavage) 

Cytopharynx, 146, 147 
Cytoplasmic connections, ^96 
Cytoplasmic streaming, 130, 204, 206 
Cytostome, 146 

D 

DacryomyceSj 486 - 486 , 488 
aurantiics, 486 
deliq^iiescens, 486 
Dacryomyce tales, 486-486 
relationships of, 369 
Dasycladacoae, 124-127 
DeUsseria satiguinea^ 298 
DerbesiOj 68 , 114-116 
marina, 116 
Dcrbesiacoae, 114-116 
Dermocarpa pacifica, 290 
Destnarestia, 221, 223, 262-266 
aculeala, 264 
herhacea, 263 , 264 
lalissima, 253 

Desmarcstiales, 226, 262-266 
relationships of, 229 
Desmidiaceae, 27, 84 - 89 , 184 
Desmidium Apiogonum, 86 
DesmklB, placoderm, 84-89 
saccoderm, 83-84 
Desmokontae, 163 - 166 , 162 
characteristics of, 153 
relationships of, 154 


Dextrin, 297 

Diatomaceous earth, 197-199 
Diatomin, 203, 204 
Diatoms, 196-216 
centric, 199 
nature of, 200 
characteristics of, 214 
^‘cleaned,’' 198, 199 
dimunition in size, 207 
pennate, 200 
nature of, 214 
(See also Baeillariophyceae) 
Dictyosiphon, 268-269 
foeniculaceus, 268 
Macounii, 268 
Dictyosiphonaecae, 268-269 
Dictyosiphonales, 225, 267-269 
relationships of, 229 
Dictyostdium, 363-864 
EHctyota, 220, 244, 245 
Dietyotales, 220, 221, 226, 243-247 
relationships of, 229 
iHdymium, 363 
Dinarnoehidiinn, 163-164 
vat tans, 163 

IHnasiridium sexangulare, 166 
Dtnobryon, 189-191 
calyciforme, 190 
divergms, 190 
sertulatia, 190 
stipitatum, 190 
Tabdlmiac, 190 * 

Dinocapsales, 164 
Dinococcalcs, 166-166 
Dinoclonivm, 104 
Conradi, 166 

Dinoflagellates (sec Dmophyceac) 
Dinophyceae, 6, 166-166 
cell walls of, 155-156 
characteristics of, 155 
classification of, 158 
structure of protoplast, 156-158 
Dinophysidalcs, 162-163 
Dinophysis acuta, 162 
Dinoihrix, 164 
paradoxa, 166 
Dinotrichales, 164-166 
Dioecism, 107, 111 
Diplanetism, 392, 398 
Diplohaplont, 24 , 25, 56 , 62 
Diplonema, 228, 259 
Diplont, 24 
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Diplophase, 487, 490, 493, 497, 498, 502 
formation of, 466 , 467 , 471 , 604 
nature of, 466 

spore formation by, 468, 469 
Dipodascus, 415, 417, 423, 426-427 
aUndus, 425, 426 
Discomycetae, 424, 431 
Dothidiales, 431, 468-460 
relationships of, 369 

E 

Ectocarpaceae, 231-236 
Ectocarpales, 225, 230 - 236 , 247 
relationships of, 229 
Ectocarpus, 223, 231 - 234 , 237, 248, 259 
aciUus, 232 
cylindricus, 232 
sUiciilosu^, 228, 232 , 233, 234 
Egg, 39 , 47 , 48, 66 , 67, 132, 214, 226, 227, 
239 , 246 , 264 , 255, 266, 267, 271, 372, 
337 , 399 

formation of, 393 , 404 
nature of, 21, 367 
Elaioplast, 203 
Empysa, ^ 8 , 409-411 
fumoaaf 411 
mTiscae, 409, 410 , 41 1 
Endogelatin, 271 
Endomycetalcs, 424-430 
relationships of, 369 
Endoperidium, 481, 432 
Endosphaeraceae, 92-94 
Endospore, 290 
Endospore layer, 40 
Endosporeae, 363-367 
characteristics of, 353 
Endosporinc tendency, 25 
Enteromorphaf 56 
eompresaa, 298 
EnUmophthorat 408, 409 , 411 
fumoaa, 411 

Entomophthorales, 408-411 
relationships of, 369 
Erdosiphxm sulcatum, 146 
Epibasidium, 486 , 439 , 491 , 492 , 497, 498 , 
499, 600 , 601 , 502, 504, 606 , 606 , 507 
nature of, 469 
Epichrysia, 196-196 
paludosa, 196 
Eipidermis, 240, 262, 264 
EpiUihon memhranaceum, 331 


Epiplasm, 420 

Epitheca, of diatoms, 198, 199 , 200 , 206 , 
209 • 

formation of, 206 
of dinoflagellates, 160 , 161, 162 
division of, 160 , 161 
Epithecium, 439 , 440 
Eremaacua, 416, 417, 423, 424 - 426 , 427 
fertilis, 424, 426 , 426 
Ergot, 452 
Ergotism, 452, 453 
Erysiphaccae, 415 
Erysiphales, 434-437 
relationships of, 369 
Eryaiphe, 415, 416, 434-437 
aggregata, 420 , 436 
cichoraceum, 436 
gramtnis, 437 

Euascoinycetae, 417, 431 - 462 , 473 
charactcnstics of, 424, 431 
Euastrum affine, 86 
Eubasidii, 469, 473-492 
characteristics of, 473 
Eucapsia alpina, 278 
Eudorina, 32, 34-36 
elegans, 34 
unicocca, 34 
Euglena, 144, 148 
intermedia, 146 
sanguinea, 144 
Euglenalcs, 144-148 
asexual reproduction of, 147 
cell shape of, 144 
cell structure in, 144-147 
classification of, 148 
sexual reproduction of, 147-148 
Euglenocapsales, 148-149 
Euglenoids (see Euglenales) 
Euglenophyta, 143-160 
characteristics of, 7, 143 
relationships of, 9 
Eumycetae, 366-612 
characteristics of, 8, 366 
classification of, 370 
evolution among, 368-370 
origin of, 368 
relationships of, 9 
sexual reproduction of, 368-376 
Eunotia diodon, 208 
Exit papilla, 107 
Exit tube, 878 , 882 , 388 , 389 
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Exoascales, 460-452 
relationships of, 369 
Exoa^cus, 450 
Exobaatdium, 474-476 
Vaccinttf 474 
E\ochite, 271, 272 
Exopendium, 481, 482 
Exospore, 40, 290 
Exosporeae, 367-360 
characteristH s of, 353, 357 
Exuvtaellay 164-166 
manna, 164 

Eyespot, 17, 35, 44, 64, 157, 170 
F 

Fairy nng, 479 
Fats, 16, 204, 222, 429 
Fertile la>er, 269, 270 
Fertilization, 39, 47, 48, 53, 66, 68, 76, 77, 
119 

(See aUo Oogamy) 

Foitih/ation tube, 390, 393,^394, 396, 396, 
404 

Filament, 279, 280 
Flagella, 16, 29, 35, 37, 72, 162, 174 
dimorphic, 154, 167, 169, 161, 171 
structure of, 17, 146, 157, 171, 184 
Flagellata, 4, 168 
Floridtae, 305-348, 423 
alternation of generations in, 312 31 1 
carpospoie of, 309-311 
germination of, 311-312 
charactcristKb of, 300, 305, 311, 315 
clasbihCiitioiL ot, 314 
evolution among, 314 
gametic union of, 309 
reproduction of gametophyte in, 307- 
309 

vegetative st ructure of, 306-307 
Floridcan starch, 297 
Foot cell, 496 
Fountain-type thalli, 306 
Fragilana inrcscens, 201 
Free cell formation, 417, 420, 421, 423, 
437 

Fruiting pillar, 368 
Fnistule, 198, 199, 200, 208 
girdle view of, 198, 199 
valve view of, 198, 199 
Fucaceae, 220, *266-273 


Fucales, 221, 223, 226, 227, 228, 260, 268- 
273 

oogamy of, 226 
relationships of, 229 
Fucosan granules, 221 
Fucoxanthin, 7, 220, 222 
chemical composition of, 222 
Fucoxanthin a, 222 
Fucoxanihm 5, 222 
Ftumsy 235, 267, 268, 273 
Fuligo septtca, 364 
Fungi, 2, 8, 361-512 
bases of classification of, 3, 4 
fossil, 368 
ongm of, 4, 6 
perfect stage, 511 
Fungi imperfecti, 611-612 
characteristics of, 370, 511 
Fungus cellulose, 366 
Funnel cleft, 202 
Fubtclfidtum dendnitcunif 456, 511 

G 

Gaidukov phenomenon, 285 
Gametangmm, 55, 104, 108, 110, 126, 
225, 226, 232, 237, 244, 249, 250, 257, 
259, 361, 407, 408, 417, 426, 426 
development of, 108, 109, 110, 111 
fi male, 237, 426, 427 
de\ elopment of, 241 
male, 237, 426, 427 
development of, 241 
(See also Antheridiura; Oogonium) 
Gimetic union (see Anisoganiy; Isogamy; 
Oogamy) 

Gxmetophyte, 134, 222, 223, 224, 226, 
227, 233, 234, 235, 237, 238, 240, 243, 
248, 249, 261, 267, 259, 307, 312, 313, 
317, 318, 322, 329, 331, 336, 337 
of Basidiomycetae, 466 
fiiralc, 244, 264, 255, 266, 266 
male, 254, 255, 266, 266 
Gas vacuole, 283 
Gasteromycctae, 479 
Gasteromycetes, 467, 469, 473 
Gasiroclomum, 339-642 
Covlten, 339, 341, 342 
ovale, 339, 340 
Gehdiales, 314, 326-328 
Gdidium, 826- 328 
capillaceum, 326 
tarklagineum, 326, 327 
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Gemma, 392 
Germ pore, 496 
Gigartinales, 334-388 
Gill {Bee Lamella) 

Girdle, 155, 162 
Oleba, 481, 482 , 488 , 484 
development of, 481, 482 
GUnodinium uliginosum, 161 
Globule, 130, 131 , 133 
development of, 130, 131 
interpretation of, 132 
Gloeodinium monianum^ 164 
Gloeotkece lineariSf 278 
Glycogen, 183, 283, 366, 368, 429 
Gonapodya, 386 
Gonidial layer, 516 
Gonidium, 516 

Gonimoblast filament, 309, 317 , 318, 319 , 
324 , 327 , 330 , 336 , 337, 338 , 340 , 422 
initial of, 329 , 338 , 341, 346 
Qraphis scripta, 616 
GrinneUia, 307 
Gullet, 146 , 146, 162 , 153 
Gymnocarpae, 521 
characteristics of, 521 
Gymnoconia Peckianaj 500, 502 
Gymnodiniales, 168-169 
Gymnodinium abbreuicUum, 169 
Gymnogongrv^ Griffithsiaej 314 
Gymnospermac, relationships of, 9 

H 

H-piece, 45, 46 , 169, 170 , 177, 178 
Haomatochromo, 15, 39, 55, 144 
function of, 55 
Halicystaceac, 107-111 
Haltcystis, 10^111 
ovalis, 108, 109, 110 
Handle cell, 131 
Haplont, 24 , 43 

Haplophase, 467, 471 , 483, 486 , 490, 493, 
498, 502, 503 
nature of, 466 
Haploapora, 237-239 
glohosa, 237, 238 , 239 
Haplostichinoae, 247-266 
characteristics of, 247 
validity of, 256 
Bapteres, 261, 262 
Haustorium, 400, 402, 434, 486 , 495 

Helotiem, 513 


Hdoella, 448-460 
crispaf 448 , 449 
etaatica, 448 

Helvellales, 431, 448-460 
relationships of, 869 
Hemibasidii, 469, 470, 491, 493-607 
characteristics of, 473, 493 
Hcmicollulose, 70, 281 
Hemidinium noBViunif 161 
Ueaperophyens, 267, 268 
HarveyanuSy 272 

Ileterocapsalos, 164, 174, 176-177 
lletcrochloridalps, 173, 174 
Heterococcalcs, 174, 179-180 
Hcterocyst, 288, 290-292 
development of, 290 
function of, 291 
gertnination of, 291 
Iletcrogamy, 372 
Heterogeneratao, 227 , 247-266 
characteristics of, 230, 247 
Heterokoiitac (see Xanthophyceae) 
Hetcrosiphonalcs, 174, 180-182 
Heterospory, 267 

Heterothallism, 31, 35, 38, 42, 53, 56, 65, 
74, 76, 78, 97, 118, 225, 226, 240, 
245, 304, 308, 322, 331, 335, 336, 
344, 372, 407, 408, 416, 432, 438, 
452, 468, 472, 497, 502, 504 
iiatuie of, 22 

Heterotnchalcs, 174, 177-179 
Hilum, 470 
HirneoUiy 490-491 
ayncula-judaej 490 , 491 
Holdfast, 58, 59, 69, 242, 243 
Homothallism, 31, 35, 38, 53, 74, 97, 118, 
182, 225, 304, 308, 316, 320, 322, 
372, 416, 428 
nature of, 22 
Hormogonales, 280 
characteristics of, 292 
Hormogolie, 286, 287 , 288 
Hormosporc, 287 , 288 
Hydrodictyaccae, 27, 90, 97-100 
Hydrodictyony 16 
HydruruBy 192-198 
foetiduBy 192, 193 

Hymeniun^ 4^, 447 , 449 , 478 , 486 , 491 , 
492 

nature of, 469 
primordium of, 477 
Hymenomycetae, 474 
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Hymenomycetes, 467» 469, 473 
Hypha, of fungi, 366 

conjugation of, 467, 471 
of Phaeophyta, 262, 263 
development of, 263 
trumpet, 263 
Hyphal body, 409, 411 
multiplication of, 409 
Hypnospore, 19, 30, 42, 98, 118, 180, 182 
germination of, 118 

Hypobasidium, 486, 487, 480, 491, 402, 
497, 408, 499, 600, 601, 606 
nature of, 469 
Hypocreales, 431, 462-466 
relationships of, 360 
Hypothallus, 355, 357, 368 
Hypotheca of diatoms, 198, 100, 200, 
206, 209 

formation of, 206 • 

Hypotheca of dinoflagcllates, 160, 162 
division of, 160, 161 
Hypothccium, 430 
Hysteriales, 431, 437-440 ^ 
relationships of, 360 

I 

Impressions, 124 
Inner fissure, 202 
Intercalary plates, 160 
Intemodc, 128, 129, 133, 134, 135 
development of, 129 
initial of, 128 
Inversion, 32, 37, 38 
Iodine, sources of, 260 
Iridaea, 334r-336 
cordaia, 334, 336 
Isidium, 616, 517 
Isochrysidineae, 18^189 
Isogamy, 22, 31, 50, 59, 65, 80, 88, 91, 92, 
94, 06, 99, 107, 124, 126, 127, 173, 
178, 182, 191, 225, 226, 230, 232, 237, 
259, 366, 357, 360, 360, 361, 372, 
977, 379, 380, 381, 382, 407, 408, 
411, 426 

nature of, 21, 225, 367 
Isogeneratae, 227, 230-247 
characteristics of, 230 
lathmia enervidf 100 
nervoaot 201 
Isthmus, 86 


IthyphaUria, 488-486 
impudicanB^ 483, 464 

J 

Jacket cell, primary, 461, 462 

K 

Kelps, 222, 223 

{See also Laminariales) 

Kombu, 260-261 
Kunkelia nitem, 600-602 

L 

Laboulbeniales, 460-462 
relationships of, 360 
Lagenidium^ 388-300 
Rabenhorstiif 389 
Lamella, 477, 478 
Lamtnariay 261-266 
Andersonii, 262, 263 
digitata, 263 
ephemera, 261 
Farlowii, 262 
flexicaulis, 266 
saccharina, 265 

Laminanales, 220, 221, 223, 226, 255, 
269-266 

relationships of, 229 
Laminarin, 7, 222 
nature of, 222 
“Leaf” of Charales, 128 
development of, 128, 129 
Leathesia, 220, 223, 228, 240-260 
amplissima, 240 
difformiSy 249 
Leptomitaceae, 304-306 
Leptomitales, 395 

Leucosin, 170, 176, 183, 188, 190, 191, 
194, 204 

Liagora, 320-321 
pinnata, 320 

tetraspe^era, 310, 313, 321 
viscida, 321 

Lichens, 366, 415, 613-623 
algae of, 91, 513 
classification of, 514 
crustose, 616 
distribution of, 614 
foliosei 616 
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Lichens, fruticose, 616 , 616 
growth on rocks, 514 
nature of, 513 

spore formation by, 518-521 
synthesis of, 618 

Life cycles, of Chlorophyta, 23-25 
of Florideae, 312 , 313 
of Phaeophyta, 227 - 229 , 233 
Lime, deposition of, 127, 128 
LUhophyllumf 108 
LUhothamnionf 108, 331-333 
mediocre, 331 , 333 
memhranaceum, 331 
Locomotion, of desmids, 86 
of diatoms, 204-205 
of Cyanophyta, 286 
LomerUaria ovalis, 339 
Lophodermium, 437-440 
hyaterioidca, 437, 439 
pifKMtri, 437, 438 , 439 
Lorica, 144, 147, 175, 183, 189, 190 , 191 
Lycoperdales, 469, 479-486 
relationships of, 369 
Lyeoperdon, 480 - 483 , 484 
gemmatum, 482 
pyriforme, 480 
Lycopsida, 5 
Lynghya Birgei, 287 

M 

Macrocyslia pyrifera, 259, 260 
Macrosporangium, 227, 229, 272 
development of, 267, 269 , 270 , 271 
Macrospore, 227, 272 
MaUomonaa, 187-188 
caudata var. macrolepaia, 187 
coronaia, 184 
Mannitol, 222 
Manubrium, 131 , 132 
Medulla, of Phaeophyta, 223, 251, 262, 
268 

of lichens, 616 

Meiosis, 23, 31, 39, 45, 53, 64, 77, 78, 83, 
84, 89, 93, 105, 112, 120, 124, 126, 
133, 209, 210 , 211 , 213, 224, 227, 

231, 233, 237, 243, 246, 264, 265, 

269, 309, 311, 314, 317, 320, 324, 

328, 351, 357, 359, 362, 367, 368, 

870 , 373, 379, 388, 402, 421, 422, 

426, 430, 436, 451, 470, 499 


Melanconialcs, 512 
characteristics of, 512 
Mehaira, 212, 213 
variana, 212 

Meriamopedia elegana, 278 
Meristem, 223, 261 
Mcsochite, 271, 272 
Mcsogelatin, 271, 272 
Mosospore, 40 
Mesotaeniaccac, 83-^ 

Mesotaenium Greyii var. breve, 83 
Micrasterias apietdata, 86 
Microcoleus vaginatus, 280 
Microcystis aeruginosa, 278 
Microspora, 46-47 
Willeana, 46 
Microsporaoeae, 46-47 
Microsporaiigium, 227, 229, 267, 270 
devet")pniont of, 269 
Microspore, 213, 227, 267, 272 
formation of, 213 
liberation of, 213, 272 
Moniliales, 512 
characteristics of, 512 
Monoaxial thalli, 306, 307 , 326 
Monoblepliaridaceae, 386-388 
Monoblepharidales, 374, 386-388 
relationships of, 369 
Monoblepha i is, 386-388 
macrandra, 387 
polymm'pha, 387 
Monoeoisin, 111 
Moiiosi))honous thalli, 237, 238 
Mouosporangium, 225, 238 , 239 , 307, 314, 
322, 323 

Monosporc, 225, 238, 239 , 299, 300, 306, 
307, 322, 389 
Mucilage canal, 262 , 264 
MucoraU's, 372, 406-408 
relationships of, 369 

Multiaxial thalli, 306, 315, 318 , 322, 386 , 
336, 339 

Musca domestica, 460 
Mycelia Stcrila, 511 
characteristics of, 512 
Mycelium, 8, 366, 371, 384, 386 , 387 , 389 
Mycetozoa, 351 
Mycorhiza0446 
Myrionema, 248 , 250 
Hrangvlana, 220, 248 
Myxamoebae, 351, 361, 363 , 364 
division of, 863 
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Myxomycetac, 351, 362-360 
characteristics of, 352 
Myxophyoeae, 6, )56, 277, 297, 299, 300, 
513 

(See also Cyaiiophytii) 

Myxophyta, 351 
Myxothallophyta, 361-366, 366 
characteristics of, 8, 351 
relationships of, 9 

N 

‘Nannandrium, 76 
development of, 76 
Nannocyte, 290 
Navicida radiosa, 203 
rhyncocephahij 200 
NemalioTif 316-318, 319, 320 
mitliifidum, 317 

Nemalionnles, 309, 314, 316-326 
Xemathecium, 308, 331, 332 
Nereocydis, 223, 264 
Luetkeana, 260, 302 
Netrium, 84 
digit us y 83, 84 

Neuromotor apparatus, 16, 20, 37, 50, 
147, 162, 167, 158, 184, 188 
division of, 16, 17, 147, 167, 158 
NeurospoiOy 422 

Neutral spore, of Phaeopliyta, 228 
of Rhodoiihyta, 299, 300, 301, 304 
Node, 128, 129, 133, 134, 135 
development of, 129 
initial of, 128, 129 « 

Nodularia spumigena, 289 
Nostoc corum uney 291 
muscorumy 289 
Nostocaceae, 286 
Nostochopsis lohaiuSy 280 
Nucleic acids, 204 

Nucleus, 146, 162, 153, 164, 155, 167 
division of, 14, 64, 146, 147, 167, 183, 
192, 204, 221, 304 
structure of, 183, 204, 221, 297 
Nucule, 130, 133 
development of, 132, 133 
Nurse cell, 310, 323, 324, 329, 330 
Nurse tissue, 310, 327, 337, B3B 

O 

Ocellus, 157 

Ochromonadineae, 189-191 


Ochromonas crenata, 186 
stellarisy 184 

Oedogoniaceae, 27, 68-79 
Oedogoniales, 23, 27, 68-78 
gynandrosporous, 75 
idioandrosporous, 76 
macrandrous, 74, 76 
nannandrous, 74, 75, 76 
evolution of, 77 
ndationships of, 26 
Oedoqonium, 18, 23, 24, 68-79 
concatenatuniy 76 
crassum, 69, 70, 76 

Oidia, 272, 392, 416, 444, 469, 471, 486, 
^ 487, 492 

Oil, 116, 156, 170, 203, 283 
^See also Fats) 

Olpidiaceae, 375, 377-379 
OlpidiopsiSy 382, 383-384 
SaprolegniaCy 383 
vexanSy 383 

Olptdtuniy 375, 377-379 
Vtciaey 378, 379 
Oohlust, 310, 329, 330, 332 
Oocystaceae, 90, 100-101 
Oogamy, 22, 38, 39, 47, 48, 62, 53, 66, 73, 
76, 76, 118, 120, 133, 134, 226, 230, 
239, 246, 266, 271 , 272, 369, 372, 383, 
387, 388, 389, 390, 393, 396, 396 
nature of, 21 , 225, 367 
Oogonial cell, p^lmar>^ 246 
Oogonial mother cell, in Charalcs, 132 
in Oedogoniales, 74, 76 
Oogonium, 47, 48, 62, 53, 66, 67, 76, 76, 
118, 120, 132, 133, 239, 244, 246, 261, 
264, 255, 266, 266, 267, 372, 383, 386, 
387, 390, 392, 396, 399, 443 
development of, 74, 76, 76, 119, 120, 
393, 396, 398, 402, 404 
nature of, 21, 367 
Oomycetae, 374 
Oomycctes, 373, 374 
Ophiocytiumy 169 
Osdllaloria formosa, 280 
limosay 280 

princepsy 282 ^ 

Oscillatoriaceae, 286 

Ostiole, 269, 270, 337, 338, 464, 467, 458, 
497 

Outer fissure, 202 
Oxyrrhis marinay 167 
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P 

Palaeodaaydadut medUerranetis, 1S4 
PaimeUa stage, 20, 30, 35, 40, 43, 47, 91, 
147, 140, 153, 164, 188, 189, 194 
Pandorina, 21, 32, 33-84 
tnorum, 38 
Paradesmose, 16» 17 
Paramylum, 145 

Paraphyses, 246, 251, 256, 257, 269, 270, 
418, 489, 521 

Parasporangium, 312, 341, 342 
Paraspore, 299, 306, 341 
formation of, 342 
nature of, 312 
Parmeliat 518 
flavicana, 515 

Parthenogenesis, 45, 50, 59, 65, 77, 93, 96, 
212, 226, 227, 228, 233, 234, 252, 259, 
310, 381, 417, 425, 426, 428, 429 
nature of, 22 

Parthenospore, 22, 77, 81, 87, 394, 411 
Peotic sheath, 13 

Pectose, 13, 55, 63, 69, 79, 83, 86, 169, 366 
PediaHrum, 20, 97-100 
Bcryanum, OT, 99 
Pedicel ceU, 181, 132, 183 
PeUtgera praetextaf 516 
Pdvetia, 223, 267, 26a-273 
canalicidattiaf 271 
fustigiata, 268, 270, 271, 272 
PeniciUium, 481-488, 511 
vermiciikUutn, 432, 488 
Pennales, 200, 203 
auxospores of, 208-212 
characteristics of, 215 
Perennials, 223, 228, 235, 243, 245, 261, 
269, 307, 325, 334 
Pericarp, 311, 323, 824, 845, 346 
Pericentral cell, 826, 848, 344 
fertile, 344 

Peridiniales, 159-161, 162 
Peridinin, 156 

Peridinium wiaconaineTiae, 160 
Peridium, 352, 855, 418, 431, 435, 450, 
457, 481, 482, 498, 499 
development of, 486 
Peripheral cell, 347 
Periplasm, 895, 396, 399, 402, 404 
Perisporales, 434 

Peiithecium, 424, 437, 454, 455, 457, 459, 
461, 519, 521 


Perithecium, development of, 456, 457, 
459 

initial cell of, 461, 462 
nature of, 418 
Peronosporaceae, 40(ML02 
Peronosporales, 374, 396, 397, 399-405 
relationships of, 369 
Pezizales, 431, 448-445 
relationships of, 869 
Pfitzer's Law, 206, 207 
Phacidiales, 431, ‘440-442 
relationships of, 869 
Phaeophyceae, 6, 156, 168, 296, 298 
Phaeophyta, 3, 10, 220-276, 367 
alternation of generations in, 227-229 
asexual reproduction of, 224-225 
cell structure of, 221 
characteristics of, 7, 220 
classliication of, 230 
distribution of, 220-221 
evolution among, 229-230 
origin of, 229 
pigments of, 221-222 
relationships of, 9 
reserve foods of, 222 
sexual reproduction of, 225-227 
thallus structure in, 222-224 
Phaeoplax marinus, 158 
Phaeothamnioriy 194-195 
Borzianum, 194 
confervicolo, 194 
Pharyngeal rods, 145, 146 
Phialoporc, 32, 37, 38 
Photosensitive substance, 17 
Phragmidium specioaum, 467 
Phragmoplast, 18 
Phycochrysin, 183 

Phycocyanin, 8, 156, 277, 284, 285, 295, 
297, 300, 303 

Phycoerythrin, 8, 277, 284, 295, 297, 300 
function of, 298 

Phycomycetae, 366, 367, 368, 371-414, 
466, 511 

asexual reproduction of, 371-372 
characteristics of, 370, 371 
classification of, 374 
evolution among, 373-374 
life cycks of, 373 
origin of, 373-374 
relationships of, 869, 422 
sexual reproduction of, 372-373 
Phyobpyrrin, 156 
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PhyUaphora Brodiaei, 313, 314 
PhyUosiphon, 121-122 
Ariaarit 121 

Phyllosiphonaceae, 121-122 
PhyUoapadix^ 302 
Phyaarum, 856 
alpinum, 364 
pdycephalum^ 366 
Phyacia, 616, 619, 621 
parietina, 618 

Phytomyxinae, 352, 360-364 
characteristics of, 352, 360 
Pileus, 476, 477, 483 
Pinnidaria, 201, 202, 206 
Pinnule, 103 

Placental cell, 317, 318, 332, 333, 3^] 
346 

Plakea, 32, 33, 35, 37, 38 
Flasmodial stage, 149 
Plasmodiocarp, 364, 355 
Plaamodiophoraj 360-364 
Braaaicae, 360, 361, 362 
Plasmodiophoraceae, 352) 360-364 
Plasmodiophorales, 360-364 
Plasmodium, 176, 176, 186, 351, 352, 363, 
354, 357, 361, 362 
Plaamopara, 400-402 
Halaiediit 400 
viticola, 400, 401, 402 
Plectascales, 431 
Plectomycetae, 424, 431 
Plethysmothallus, 228, 250 
Pleurococcua, 50 
Plotartff/Uta, 468-460 
marboaGf 468, 469 
Polar cleft, 202 

Polar nodule, of diatoms, 201, 202 
of Myxophyceae, 291 
Polyeder, 99, 100 
germination of, 99 
Palyatphonta, 342-348 
Jlexieaults, 343, 346, 346 
lanoaa, \344 
ntgreacena, 344 

Polysiphonous thalli, 235, 236, 237, 238, 
843 

Polyspore, 306, 307 
Polystichineae, 266-266 
characteristics of, 247, 256 
Pore, 201 
Pore plate, 162 


Poroid, 201 

Porphyra, 60, 61, 299, 300, 302-305 
natadum, 302 
Nereocyaiia, 302 
perforata, MS, 304 
tenera, 303, 304 
Porphyroaipkon Notariaii, 280 
Postcingular plates, 160 
Poatelaia, 234 

palrnaeformia, 260, 261 
Potassium, sources of, 260 
Praaiola, 60-62, 300, 302 
meridionalia, 62 
mexicana, 62 
't^ecingular plates, 160 
Prelamellar chamber, 477 
Progametangium, 407 
Progressive cleavage, 20, 64, 66, 67, 89, 
91, 94, 96, 96, 97, 109, 112, 115, 366, 

368, 375, 380, 382, 385, 391, 398, 406, 
407 

Proliferation, 96 
Promycelium, 470 
Propagulum, 224, 235, 236 
development of, 236 

Protoascomycetae, 417, 421, 484-480, 
431, 452, 473 
characteristics of, 424 
Protococcaceae, 60-61 
Protococcua, 42, 60-61, 618 
viridia, 61 

Protonema, 110, 130, 228, 315, 318 
initial of, 134 
primary, 134, 135 
secondary, 184, 135 
Protoaiphon, 26, 96-97 
hotryoidea, 95, 96 
Protosiphonaceae, 96-97 
Protozoa, relationship to fungi, 351, 368, 

369, 373 

PaaUiota, 476-479 
campeatria, 475, 476-479 
Paeadobryopaia, 103 
P^eudocilia, 41 

Pseudoplasmodium, 351, 863, 364 
P^eudopodium, 156, 163, 191 
Pseudoraphe, 800 
nature of, 201 
Plseudovacuole, SM,293 
structure of, 283 
llailophyta, 5 
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Psilopsida, 5 
Pteridophyta, 2, 6 
bases of classification of, 5 
characteristics of, 9 
interrelationships among, 5 
relationships of, 9 
validity of, 4-5 
Pteropsida, 5 
Pterygophora, 223 
Puccinia graminiSj 494-499, 501 
malvacearum, 499-600 
Pufhng, 450 
Pulsule, 157 

Punctarialcs, 221, 225, 266-267 
relationships of, 229 
Pycnidium, 438, 441, 619 
nature of, 410 
Pyciiium, 497 
Pycnospore, 416, 619 
Pylaiella, 234-236 
Gardneri, 234 
Kttoralis, 234, 235 
Pyrenocarpcao, 521 
characteristics of, 521 
Pyrenoid, 15, 16, 29, 41, 44, 48, 49, 62, 67, 
59, 69, 86, 92, 101, 103, 108, 123, 144, 
148, 153, 179, 180, 183, 192, 203, 303, 
316 

division of, 16, 87 
naked, 297 

Pyrenomycetae, 424, 431 
Pyronetna, 415, 416, 418, 443-446 
confluens, 410, 419, 443, 444 
P>Trophyta, 6, 10, 161-167 
characteristics of, 7, 151 
relationships of, 9 
Pythiaceae, 396-399 
Pyihium, 397-399 

aphanidermaiiumy 397, 398, 399 
intermedium, 397, 399 

R 

Ramalina reticulata, 514, 517 
Ranunculus aquatilis, 177 
Raphe, 200 
nature of, 201 
structure of, 202 
Receptacle, 266, 269 
Reduction division (see Mciosis) 
Reservoir, 146, 147 


Rhizidiaceae, 376-377 
Rhizine, 616 
nature of, 515 
Rhizochloridales, 174-176 
Rhizochrysidalos, 191-192 
Rhizodiiiiales, 163-164 
Rhizoid, 67, 61, 95, 96, 110, 122, 123, 126, 
128, 180, 181, 242, 243, 272, 273, 303, 
328, 384, 395, 405, 406 
initial of, 134 
pnmary, 134 
secondary, 134 
Rhizome. 108, 109 
Rliizomorph, 446, 475, 477, 483 
Rhizomycelium, 375, 381 
xlhizophidium, 376-377 
376, 377 

RhiziJi^ast, 17, 146, 147, 162, 167, 158, 

m, 188 

Rhizopodial stage, 50 
Rhizopodial tendoney, 25 
Rhizopus, 406-408 
nigricans, 406, 407, 408 
Rhodomeln, 256 

Rhodophyceac, 6, 277, 284, 285, 296-360, 
368 

Rhodophyta, 10, 296-350 
coll structure in, 296-297 
characteristics of, 8, 295 
classification of, 300 
distribution of, 295-296 
pigments of, 297- 298 
relationships of, 9, 299-300, 422, 460 
reproduction of, 298-299 
thalhis structure of, 298 
Rhodynieniales, 339- 342 
Rhoicosphenin curvata, 203 
Rhytisma, 440-442 

acerinum, 440, 441, 442 
Rivularia dura, 280 
Rod organ, 146, 146 
Rusts, 467, 469, 473, 493-602 
autoecious, 494 
black, 496 
heteroecious, 494 
macrocytic, 494-499 
microcyclic, 600-602 
orange, 500 
red, 494 
white, 402 
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S 

Saccharcmyces cerevisiae, 429 
SacchaTomycotaoeae, 427-430 
rolationships of, 369 
Saccharomycodes Liuiwigii, 430 
Saprolegnia, 391-394, 398 
ferax, 392, 394 
torvlosa^ 392 

Saprolegniaceae, 391 394 
Siiprolei^niales, 374, 390-399 
relationships of, 369 
SapromyceSf 396-396 
androgynvs, 396 
Reinschiif 396 

Sargassumf 220, 221, 224, 266, 267 
natanSj 224 

Sfalo, siliceous, 187, 188 
Scaphospora spednvi^ 238, 239 
S('oned(\snia<'oai‘, 90, 101-102 
Scenedesm uHf 101 102 * 

qundiicanda, 101 
Schizogoniaceae, 60-62 ' 

Schizogoniales, 60-62 
relationships of, 26 
Schizomondaceae, 69-60 
Srhizorneris, 69-60 
Leibkinii, 60 

Schizophycoan phyeocrythrin, 285 
Schizosacchaj omycesy 427-429, 430 
octosporus, 427 f 428, 129 
Scinima, 299, 321-326 
furcellata, 322, 323, 324 
Sclorotium, 354, 452, 483 
development of, 453 
germination of, 464 
ScytomanaSf 148 
Scyionema^ 522 
Seinicell, 86 

Separation disk, 287, 288 
Septobasidiunif 491-492 
psetjdopedicellatum, 492 
retiforiney 492 

Sexual reproduction {see Anisogamy; 

Isogamy; Oogamy) 

Shield cell, 131, 132 
Sieve plate, '263, 264 
Sieve tube, 263, 264 
Silicifieation, 179, 184, 187, 189, 200 
demonstration of, 199 
nature of, 199 

Simultaneous cleavage, 20, 89 


Sinus, 86 

Siphonales, 13, 26, 27, 62, 102-122, 174 
relationships of, 26 
Siphoiieae verticillatae, 102, 125 
Siphonocladiales, 26, 27, 62, 122-127 
rclationsliips of, 26 
Slime molds {see Myxothallophyta) 

Smut balls, 506 
Smuts, 469, 473, 602-607 
Soralia, 518 
Sorantheraf 266-267 
idvoideaf 256, 267 
SortMlial dust, 518 
Soredium, 517, 618 
o^iQpro, 363 
development of, 364 

Sorus, 145, 241, 242, 244, 267, 262, 363, 
364, 381, 403, 494 
female, 246 
male, 246 

Spormatangial filament, 331, 332 
Spermatangial mother cell, 308, 309, 316, 
317, 335, 344 

Spermatangium, 299, 308, 317, 319, 321, 
323, 326, 331, 344 
development of, 308 
Sperm at ioph ore, 438 
Spermatium, 299, 303, 305, 309, 316, 317, 
344, 416, 422, 431, 460, 461, 494, 497, 
498, 620 

development of, 304 
liberation of, 303, 304 
Sptn’mocarp, 62, 53 
nature of, 53 

Spermogonium, 438, 439, 497, 498, 501, 
519 

nature of, 417 

Sphacelariay 220, 224, 236-237 
bipinnatuSy 237 
califomicn, 236 
rudicansy 236 

Sphaccdarialcs, 221, 225, 236-237 
relationships of, 229 
Sphaceliay 453 
segetumy 453, 511 
Sphacelial stage, 463 
Sphaeriales, 431, 466--468 
relationships of, 369 
Spkaeropleay 14, 21, 66-68 
annulinay 66, 67 
cambricay 66, 67 
tenuisy 68 
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Sphaeropleaceae, 62, 66-68, 122 
Sphaeropsidales, 612 
characteristics of, 512 
Spfiaerozoama Aubertianuin var. Archerii, 

87 

Sphenopsida, 5 
Spindle organ, 381, 882 
Spirogyra, 14, 10, 21, 80, 81, 389 
Spirogyrales, 373 
Spirotaenia condensata^ 88 
Sporangiophore, 400, 401, 405, 406, 400 
development of, 405, 410 
Sporangiospore, 371 

Sporangium, 64, 55, 115, 117, 118, 864, 
866, 869, 371, 381, 382, 386, 396, 

308 

detachable, 55 

development of, 115, 360, 384, 387, 
301, 892, 405, 406 
initial of, 243 
' nature of, 10, 367 

neutral, 227, 232, 233, 234, 239, 248, 

249 , 250 

development of, 225, 232 
nature of, 225 
plurilocular, 224, 227, 233 
nature of, 225 

unilocular, 224, 225, 227, 232, 233, 234, 
235, 286, 237, 238, 242, 243, 244, 
246, 248, 249, 250, 261, 264, 255, 
256, 267, 268, 259, 262, 264 
development of, 224, 231, 264 
nature of, 224 
Spore, 868, 862 

germination of, 866, 369, 360, 362, 368, 
364 

(See cUeo Aecidiospore; Aplanospore; 
Ascospore; Basidiospore; Conid- 
ium; Monospore; Paraspore; 
Polyspore; Teleutosporc; Tetra- 
spore; Uredospore; Zoospore) 
Spore-producting plants, 1-10 
classification of, 5-9 
interrelationships among, 9, 10 
nature of, 2 
Sporochnales, 260-262 
relationships of, 229 
SpcTiKhnuey 250 
Sporodochium, 416 
j^roj^ore, 357, 368, 869 
^porophyli, 250 


Sporophyte, 222, 223, 226, 227, 233, 284, 
235, 238, 243, 248, 249, 261, 268, 267, 
268, 261, 262, 264, 268 
of Basidiomycetae, 466 
development of, 242, 262, 264, 255, 266, 
266, 272, 273 

Stalk ceU, 133, 347, 496, 496 
primary, 241, 243, 246 
Starch, 16, 61, 05, 116, 151, 153, 156, 164, 
207, 366, 368 
formation of, 15 
stroma, 60 
Statolith, 87 

Statospore, 7, 172, 183, 184, 189, 193, 105, 
208 

Li)fiucleate, 101 
fornUtion of, 172, 186 
germWtion of, 173 
structm!l 3 of, IM 
Staurastrum curvatum, 86 
fwsigerumy 88 
Stemonitis apkndemy 364 

Stephanokontae, 68 
Sterigma, 400, 401, 432, 469, 471, 479 
Sterile filament, 346 
initial of, 346 
Sticta, 616 
Stigeoclaniunif 49-60 
luhricum, 49 
teniief 49 

Sligmatomyceaf 460-462 
Baerif 460, 461, 462 
Stipe, 262, 476, 477, 488 
Stipule, 129, 133 
Stolon, 405, 406 
Stroma, 464, 469 
Subhymenium, 522 
Suffultory cell, 74, 76 
Sugar, 222 
Sulcal plates, 162 
Sulcus, 169, 163 
Summer spore, 378, 379, 380 
Supporting cell, 308, 386, 340, 341, 344, 
346,346 

Suspensor, 407, 408 
Suture, 166, 162 
Symbiosis, 5ft 

Synchytriaceae, 376, 879-381 
Synchytrium, 375, 880-881 
endobioticum, 380 
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Synura^ 188-189 
Adamsii, 189 
wetta, 189 

T 

TabeUaria fenestrata, 200 
TaphrinOf 460-462 
cameaf 450 
Coryli, 451 
deformans, 450, 461 
epiphyUa, 461 
Johansonii, 461 
Pruni, 450 
TeleutoBorus, 496 
Teleutosporc, 493, 496, 499, 502 
development of, 496 
germination of, 497, 498, 600 
Tetradinium minus, 166 
Tetrnedron, 100-101 
minimum, 100 
Tetraspora, 40-42 
cylindrica, 41 

gelatinosa, 41 

Tetrasporales, 15, 26, 27, 40-42, 164. 174 
relationships of, 26 

Tetrasporangium, 311, 321, 326, 328, 
331, 333, 334, 335, 338, 342, 347 
Tetraspore, of Phaeophyta, 244 
of Rhodophyta, 299, 306, 311, 326, 
331, 333, 334, 335, 338, 342, 347 
germination of, 326, 328, 342 
Tetrasporine tendency, 25 
Tetrasporophyte, 311, 313, 314, 328, 331, 
333, 335, 338, 342, 347 
Thallophyta, 2 

characteristics of, 2 
validity of, 2 

Theory of vegetative tendencies, 25 
TiUetia, 606-607 
foetans, 505 
TAiici, 505, 606 
Tilletiaceae, 606-607 
Tilopteridales, 237-239 
relationships of, 229 
Tolypothrix tenuis, 280 
Trabecula, 106, 107 
Trcxkelomonas volvodna, 146 
Traeheophyta, 5 
Trama, 478 
Trebouxia, 91-92 
Cladoniae, 91. 92 


TremeUa, 489-490 
frondosa, 489 
luiescens, 489 
mesenterica, 489 
mycetophUa, 489 
Tremcllales, 473, 487-490 
relationships of, 369 
Trentepohlia, 15, 19, 64-66 
aurea var. polycarpa, 64 
Trentepohliaceae, 64-66 
Tnhonema, 47, 169, 173, 177-179 
hombydnum, 170, 178 
Trichoblast, 162, 343, 344 
^acposporangial, 344, 346 
' ...vial oi, 943, 344 
spermatangial, 343, 344 
Trichogyue, 62, 53, 299, 308, 309, 317, 
319, 321, 324, 327, 329, 330, 332, 336, 
336, 337, 340, 344, 346, 417, 418, 422, 
438, 441, 443, 444, 467, 461, 519, 620 
Trichomc, 279, 280, 281, 288, 291 
Trirhothallic growth, 223, 240, 242, 247, 
248 , 249 , 250 , 262 , 264 
nature of, 223 
Tube cell, 133 
Timber, 446^48 
caiididum, 446, 447, 448 
melanosporwn, 445, 446 
Tuberalcs, 446-448 
relationships of, 369 
Turbinate organ, 381, 382 

U 

Ulothnx, 19, 20, 23, 44-46 
zonata, 44, 45 
Ulotrichaceae, 43-46 
Ulotrichalos, 15, 23, 27, 42-66, 62, 69, 81, 
174 

relationships of, 26 
Ulva, 66-69, 248 
lohcda, 67, 59 
stenophylla, 67 
Ulvaccae, 24, 25, 27, 66-69 
Ulvales, 27, 66-60 
relationships of, 26 
Urceolus cydostomus, 146 
Uredinales, 493-602 
relationships of, 869 
Uredo, m 
Uredosorus, 494, 496 
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Uredospore, 494, 511 
formation of, 496 
germination of, 496 
Urosparay 25, 63 
Ustilaginaceae, 602-606 
Ustilaginales, 602-607 
relationships of, 869 
Ustilago, 602-606 
anthearumy 466 
CarhOy 466 
Vuijckiiy 503 
Zeay 603, 604, 606 

V 

Vacuoles, 86, 155 

central, 14, 103, 108, 123, 130, 296 
contractile, 14, 29, 30, 35, 48, 162, 172, 
174, 183, 188, 190, 193 
Valoniay 122-124 
Aegagropilay 123 
macrophysay 123, 124 
tUrtcularis, 123 
ventricosay 122 
Valoiiiaceae, 122-124 
Valve, of diatoms, 198, 199, 200 
of Dinoflagellatcs, 164, 162 
Vaucheriay 16, 19, 116-120, 373 

sessilisy 120 

Vaucheriaceae, 102, 116-120 
Vauchcriales, 373 

Vegetative multiplication, 48,* 49, 60, 61, 
66, 72, 95, 96, 107, 130, 224, 287, 298 
Velum, 477, 478 
Ventral plate, 161 
Venturiay 466^68 
inaequaliSy 455, 466, 467, 611 
Vida unijugay 378 
Volutin, 196, 204 
Volva, inner, 483, 484 
outer, 483, 484 
Volvocaceae, 27, 31-40 
Volvocales, 15, 18, 20, 23, 26, 27, 28-40, 
164 

colonial, 31-40 
relationships of, 26 
unicellular, 29-81 
relationships of, 26 
Volvocine tendency, 25 
Vdooxy 17, 18, 26, 32, 36-40 
aurtuBy 86 , 40 
capendsy 40 


W 

Walls, unsegmented, 83 
Water bloom, 277 
Wentiella lanosay 287 
Winter spore, 378, 379, 380 
germination of, 379, 381 
Woroninaceae, 375, 382-384 

X 

Xanthidium antilopaeum var. polymazuniy 

86 

Xanthophyceae, 3, 6, 7, 95, 116, 158, 164, 
' ih. 168-182, 186, 204, 208 

S ul reproduction of, 171-173 
nicture in, 169-171 
^teristies of, 168 
classification of, 173 
distribution of, 169 
evolutif>n of, 173 
sexual reproduction of, 173 
Xanthophylt, 221 


Yeasts, 424, 427-430 
bud(ling, 427, 429 
fission, 427 

Z 

Zanardiniay 239 
Zananuy 222, 223, 244-247 
Farlowiiy 244, 215, 246 
Zoogaiuetc^, 30, 31, 33, 41, 42, 44, 50, 55, 
67, 58, 64, 65, 91, 92, 94, 95, 96, 104, 
110, 112, 113, 148, 173, 178 , 182 , 191 , 
214, 232, 257, 259, 352, 366, 357, 3’69, 
360, 361, 367, 308, 369, 372, 375, 381 
female, 377, 386 
formation of, 67, 58 
liberation of, 58, 64, 112, 113 
male, 377, 386 
nature 21, 367 

Zooids, 27, 35, 96, 107, 123, 148, 149 
nature of, 16 
liberation of, 378 
stephanokontean, 68, 78, 74 
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Zoospore, 19, 23, 26, 42, 44 , 45, 46 , 48, 
49 , 52, 64 , 55, 58, 59, CO, Gl, 68, 72, 
73 , 91 , 96 , 99 , 163 , 150, 161 , 163 , 
164, 166 , 166 , 171 , 172, 176, 178 , 
180 , 181, 186 , 186, 188, 189, 190, 
193 , 194, 196 , 214, 224, 227, 228, 233, 
234, 237, 250, 261, 267, 271 , 368, 371, 
375, 376 , 382 , 383 , 386 , 387 , 389 , 390, 
391, 305, 398, 401 , 403 , 404 
formation of, 20, 46, 49, 58, 72, 91 , 92, 
389 , 397 

germination of, 68, 73 , 113 , 114, 117 , 
120, 178 , 193 , 255, 265, 382 , 401 , 
403 

liberation of, 20, 53, 60, 64, 73 , 96 , 98 
99, 117 , 165, 166, 231, 264, 

376 , 382 

mult iflagel late, 116, 117 
nature of, 118 
neutral, 225 
steplmnokontean, 116 
swarming of, 20, 98, 99, 177 


Zygnema, 19, 22, 79-83 
Zygnemataoeae, 13, 27, 79-83 
Zygncmatales, 21, 23, 27, 78 - 89 , 373 
relationships of, 26 
Zygoniycetae, 374 
Zygomycetes, 373, 374 
Zygosaccharotnyces, 430 
Barkeri, 429, 430 

Zygote, 31 , 39 , 41 , 44 , 50, 62 , 53, 59, 67 , 
68, 76 , 77, 80 , 84 , 88 , 96 , 97, 99 , 120 , 
133, 161, 181, 182, 191, 209, 210 , 211 , 
212, 214, 226, 233, 242, 272 , 299, 866 , 
369 , 360, 364, 367, 877 , 379 , 383 , 384, 
887 , 389 , 393 , 396 , 396, 399 , 404 , 407 , 
411 , in, 428 , 511 

germination of, 22-23, 31 , 34, 36, 39 , 
42. 45, 62 , 53, 59, 65, 68, 77, 78, 
82 , 83, 84 , 88 , 89, 94, 99 , 105, 110, 
125, 133, 134 , 262 , 255, 266, 272 , 
273, 372, 379 , 380 , 387 , 388, 390 , 
394, 399, 401 , 402, 404 , 407 , 408 









